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RESIDENT IN 


From the De partment of Medicine and the 


Tue beneficial effects of cortisone on 
heumatoid arthritis are now well es- 
Unfortunately these ef- 
ects are not lasting and the majority 
f patients require continued adminis- 
ation of cortisone to insure continued 
elief. Since cortisone affects a number 
i metabolic processe there have been 
ndesirable side reactions**:"" with the 
Efforts 


ive been made to produce relief from 


ustomarv dosage schedules. 
ie symptoms of rheumatoid arthritis 
ith smaller doses of cortisone and at 
e same time to reduce undesirable 
le actions and the high cost of treat- 
The 
rents to enhance the action of corti- 


search for synergistic 
ne has so far been disappointing. 


The 


mechanism 


interested in 
the 


onse of certain diseases of the colla- 


became 
involved 


authors 


In re- 


MEDICINE 
Arthritis Clinic of the Brooklyn Hospital) 


gen system to the administration of 
para-aminobenzoic acid which was es- 
tablished by Zarafonetis and his co- 
workers'®. The metabolic effects of this 
substance have been studied extensive- 
lv*. An impressive fact was that the 
known inactivation of estrogenic hor- 
mones by the liver**:'* is inhibited by 
the addition of para-aminobenzoic 
acid’, The great similarity in structure 
of cortisone and the estrogens and the 
fact that the major portion of parenter- 
ally administered cortisone is inactivat- 
ed in the body made it plausible to at- 
tempt to inhibit the destruction of cor- 
tisone by the simultaneous administra- 
tion of para-aminobenzoic acid. Initial 
experiences with this method were en- 
couraging’*. The present report con- 
cerns the results obtained in the first 
15 cases treated by this method for a 
significant period. 
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{ cortisone acetate. When relict of arthritic 
ianifestation was again established and 
waintained for variable periods of time, con 
| periods were introduced by the substitu 
n of a placebo for the cortisone. 
Other patients were started immediately 
iwle daily intramuscular do of 25 
{ rtisone acetate and 12 gm. of sodium 
ra-uminobenzoate were given orally in 
ided doses of 1.5 gm. at 2-hour intervals 
the waki period When relief ot 
hw \ well established, control pe riods 
ere introduced by replacing the cortison 
tate wit pl cebo Injections. 
\l] paticr were seen at least once weckly 
wing the period of study by one of the 
thor th subjective ind objective 
Wore I rded 


Results. Fifteen patients were treated 
arthritis clinic 
Table | 
ic results obtained in 9 patients treat 
d by the lable 2 lists the 


esults obtained in 6 patients treated 


vy these methods in the 


roi private practice, lists 


first method. 
the second method. 


All the eated 
iarked ment both subjectively 


patients ti showed 


id objectively. The percentage of im- 
based on the 
and. stiff- 


work 


rovement recorded is 


gree of lessening of pain 


ability to return to 


porte d by the 


CSS and 


patient and the ob- 


erved degree of disappearance of 
velling and tenderness recorded by 
i@ Or more of the observers. 


By emploving the first method it was 
issible to compare the 
arthritic 


ined on full dosage 


improvement 
symptoms and signs ob- 
schedules of cor- 
with that noted with a 


cortisone acetate of 25 


one acetate 


igle dose ot 


¢. administered intramuscularily and 
gm. of sodium para-aminobenzoate 
lministered orally in divided doses. 


ie improvement in arthritic manifes 
tions when so compared was_ the 
me in 5 & 


d slightly 
ied treatment schedule. 


ises, somewhat less in 3 


greater in 1 on the com 
used did not 
comparison of the results ob- 
obtained on full cor- 


The second method 


rmit 


ned with those 


RHEUMATOID ARTHRITIS 
tisone doses since these paticnts did 
not than 25 mg. of corti- 
sone acetate per day at any time. All 6 
patients showed marked improvement 
in their arthritic manifestations. That 
this was not a coincidence was amply 
shown by the very rapid reappearance 
of arthritic signs and symptoms during 
the control periods when cortisone 
was replaced by a placebo. 

Case Reports. The following case re- 
presented to illustrate the 


receive more 


ports are 


response obtained. 


Case Ll. J. V., a 32-year old white hous« 
wite, was first seen in the arthritis clinic on 
September 27, 1950. She gave a history of 


2 years of joint pain and swelling which had 
become progressive ly worse in spite of various 
oral and parenteral treatments administered 
elsewhere. She exhibited fusiform swelling of 
ill proximal interphalange al joints of both 
swelling, heat, and_ stiffness of 
and both knees. At this time the 
sedimentation rate was 35 mm. in % hour and 
| hour and the blood count 
showed a moderate hypochromic anemia. She 
was given 200 mg. of cortisone acetate intra- 
muscularly and then received 100 mg. daily 
for an additional 6 days. On the seventh day 
shi reported that pain and stiffness had been 


hands, and 
both wrists 


69 mm. 


relieved about 90% and there was no demon- 
strable swelling of any joint. The daily dose 
of cortisone acetate was reduced to 25 mg. On 


the fifth dav at this dosage level the patient 
developed marked pain, and demonstrable 
swelling of the proximal interphalangeal joints 
of both hands, the right wrist, and the right 
knee was present. Sodium para aminobenzoate 
then orally in 
everv 2 hours during the waking period with 
a total daily dose of 12 gm. in addition to 
daily of 25 mg. 
of cortisone acetate 


there 


was given doses of 1.5 gm. 


intramuscular dose 
Within 1 week on this 
moderate relief of pain 
and disappe arance of swelling in all joints 
except the right wrist. At the end of 2 weeks 
of this treatment the patient was free from all 
pain and there was no residual swelling of 
any joint. The patient was able to carry out 
all her household duties. The cortisone ace 
tate was then replaced by a placebo injection 
without the patient’s knowledge. Within 2 
davs there was recurrence of pain and stiff 
ness of the proximal interphalangeal joints of 
both hands and the right knee. The pain and 
swelling progressed until at the end of 1 week 
the placebo injection was replaced by corti- 


the single 


schedule was 


IAQ 
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sone acetate in daily doses of 25 mg By the 
eighth day of resumption of cortisone the pa 
tient reported that she was completely tre 
of pain and swelling 


tinued until January 17, 


The treatment was con 
1951, at which time 
of evaluation 
symptom free tor 4 
weeks and then noted gradual return of pain 
ind swelling in all joints involved. 


it was stopped tor purposes 


Che patient remained 


CasE Z. R. D. 


housewite 


a 28-vear old white 
Was seen in private practice on 


December 1950. Generalized pain and 
swelling of the joints, which had begun 2 
vears previously after an attack of acute ton 
sillitis and had confined her to bed for 6 


weeks, had persisted in spite of physiotherapy, 
of chryso 
therapy which was abandoned after 3 months 
of failure relief. 
Examination revealed fusiform tender swell 
ing of the proximal interphalangeal joints . of 
both ring swelling of the meta irpo 
phalangs il joints ot both hands, marked swell- 
ing and tenderness of the right wrist, and mild 
swelling of the left Phere 


intravenous injections, and a course 
because to obtain any 
fingers 


wrist was subjec 


tive pain in both elbows and knees and the 
right ankle without objective evidence The 
sedimentation rate was 18 mm. in hour 
ind 30 mm. in 1 how 


Chis patient was immediately started on a 
single daily intramuscular injection of 
acetate 


gm. tablets of 


25 mg 
three 0.5 
para-aminobenzoate 
vurs for a daily total dose of 
At the end of 1 week the only change noted 
was a decrease of pain while at rest but no 


At the 


of cortisone and received 
sodium 


every 2 he 12 gm 


bjective change s could be found end 


4 2 weeks of therapy the patient re ported 
marked relief from pain, and _ the previously 
noted swelling of the interphalangeal and 
metacarpo-phalangeal joints had disappeared 
After 3 weeks of this treatment the improve 


ment In pain was estimated by the patient to 


be SO%, since she felt tired and stiff after do 
ing housework all day. After 4 weeks of treat 
ment there was 95% relief from pain, since 
the only discomfort re porte d was slight stiff 
ness for about half an hour after arising and 
there was no objective evidence of joint dis 
ease At this time the daily injection of 


cortisone was re placed with a placebo After 4 
davs of placebo injection the patic nt re ported 


joint pain and stiffness and the right ankk 
became visibly swollen, warm, and _ tender 
Pain continued to increase and on the seventh 


day the placebo injection was replaced with 
25 mg. of cortisone acetate. Pain and swelling 
subsided gradually over a period of 1 week 
When last seen on March 22. 1951. the pa 


tient felt fine and was able to do all her 
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sedimentation rate 
18 mm. in 1 how 
his patient gained a total of 15 pounds dur 


this time the 


4 hour and 


house work At 


was mim. in 


ing the pe riod of treatment 


Case 3. A. C.. a 65-vear old white house 


wite, was seen in the arthritis clini 
tember 13, 1950, with a history of rather mild 
arthritis 


elbow S, 


on Sep 


rheumatoid involving the hands 
knees of 20 


vears duration. About 2 years pre viously this 


wrists, shoulders, and 


had become quite severe, es ecially in the 
left knee and the right shoulder, and greatly 
reliet 


limited her activity. She obtained no 


trom a 


course of gold therapy administered 
There was slight swelling of the 
proximal interphalangeal joints of the right 
hand. The knee joints were warm and swollen 
ind crepitation could be elicited. X-ray exam 
osteoarthritis 
addition to th 
acetate 
200 mg 


( lsewhe re. 


revealed evidence ot 


kne es 


Treatment 


ination 
of the 

swelling 
was be gun with an 


and hands in 


with cortisone 
initial dose of 
a daily intramuscular 


At the end of this 
a great deal of euphoria 


which was followed by 
dose of 100 mg. for 6 days 
period there was 
and pain and stiffness were almost completely 
relieved. Slight swelling and warmth to toucl 
could be in the left knee. 


daily intramuscular dose of cortisone 


demonstrated 
was re 
duced to 25 mg. and in 5 days there was com 
plete return of pain and stiffness of the previ 
ously involved joints with de monstrable swell 
both knees. Sodium para 
aminobenzoate administration was then begu 


ing and heat in 
1.5 gm. at 2-hour intervals for 

total dose of 12 gm. in addition to th 
single daily intramuscular injection of 25 mg 


In dose S ot 


daily 


of cortisone acetate. On this th patient gradu 
ally regained her previous degree of improve 
ment until at the 
treatment she estimated her relief from pair 
and stiffness to be 90%. At this time 
still some and warmth in her lef 


knee 


showed marked osteoarthritic 


end of 3 weeks of combine: 
there wa 
swelling 
Roentgen examination of the knees agai 
changes in th 
left knee. Therapy was continued until De 
1950, at time it wa 
stopped The final estimate of the degres 

improvement on the combined therapy w 
80%. When last seen in February, 1951, sl 


had no re lapse 


cembet 18. which 


Discussion. Studies on these patient 
demonstrate that the combined use « 
cortisone and sodium para-aminober 
zoate permits satisfactory sub-optim: 
control of the manifestations of rhev 
with arbitraril 
chosen dose of cortisone acetate whic! 


matoid arthritis 


WIESEL, BARRITT, 


by itself, is completely ineffective in 
controlling the manifestations of rheu- 
matoid arthritis. The sodium para-ami- 
robenzoate in the dosage employed 
has produced no evidence of any bene- 
ficial results when administered alone. 
Caretul failed to 


demonstrate any of the undesirable 


observation has 
ide etlects which are tairly common 
with the usual dosage schedules of cor- 


tisone acetate. The euphoria and sub- 
sequent depression SO otten seen have 
been completely absent. Edema has not 
relatively 
high sodium intake due to the sodium 
Moderate 


vain in weight has been noted, but 


been noted in spite of the 


para-aminobenzoate given. 
since most of the patients were at or 
below optimum weight this has not 
been troublesome. It was not found 
necessary to institute any rest periods 
believed that no marked ad- 
renal cortical inhibition was produced 


ind it is 


with the doses employed. Aside from 
mild heartburn, which can be correct- 
ed by supplying milk, no toxie reac- 
tions to the sodium para-aminobenzo- 
ite used were noted. 

The additive or synergistic action of 
ortisone and para-aminobenzoic acid 
The only 
explanation which can be advanced at 


requires further elucidation. 
this time based on the similarity in 
structure and therefore probable simi- 
larity of fate in the body of the es- 
The known 
nhibition of destruction of the estro- 
‘ens by the liver by para-aminobenzoic 
wid suggests one plausible mechanism. 
lurther investigation of this mechan- 
:m is certainly indicated and may lead 
o the discovery of even better svner- 


rogens and corticosterone. 
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vistic agents. Recent work suggests 
that the corticosteroids may exhibit 
their beneficial effects on rheumatoid 
arthritis by the suppression of the ac- 
tion of some of the intra-cellular en- 
That this effect, at least 
on hy can be reversed by 


S\ stems! 


the addition of sulfhydryis would sug- 
gest the possibility that the synergistic 
cflect of cortisone and para- -aminoben- 
zoic acid is produced in a similar fash- 
ion. 

Work now under way tends to prove 
that the ; 
and para-aminobenzoic — acid 


svnergism between cortisone 
exists 
when both substances are administered 
erally. Results with oral dosage will 
form a separate report. 

The effectiveness of the combined 
treatment in these cases warrants fur- 
ther use of this method. At a _ time 
when the supply of cortisone is so far 
short of the demand, a method which 
spares the amount of cortisone required 
per patient would seem to be of value. 

Summary and Conclusions. The theo- 
retic considerations leading to the 
trial of the simultaneous administra- 
tion of cortisone and para-aminoben- 
zoic acid have been presented. The re- 
sults obtained with the method out- 
lined have been tabulated. They have 
been comparable with those obtained 
by the administration of much larger 
doses of cortisone alone, with the addi- 
tional advantage of a reduction in re- 
actions. An additive or syne rgistic ac- 
tion of these two compounds in the 
treatment of rheumatoid arthritis has 
heen shown. The degree of success ob- 
tained in 15 cases warrants further and 
more extensive use of this method. 
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NONSPECIFIC pericarditis, which is es- 
sentially 


ents many features closely resembling 


a benign disease, often pre- 


myocardial infarction. In the past de 


cle the re has been increased aware 


iess of this form of pericarditis of un- 


known etiology, and attention has been 


lirected toward its frequent contusion 


vith coronary From 


he standpoints of prognosis and treat- 
nent the importance of such differential 
evident. Because of. this 


) 
1S 


requent confusion, 9 additional cases 

nonspecific pericarditis are presented 
n an attempt to determine factors of 
ilue in distinguishing the disease from 


cute myocardial infarction and other 


nditions in which chest pain is a 
romiment teature 
In 1942. Barnes and Burchell’ de- 


ribed a pericarditis of an acute benign 


msuppurative type and especially 


tressed the characteristics which dif- 


rentiate it 
uring the past 8 vears, others have re- 


from coronary occlusion. 
rted cases of acute nonspecific peri- 
rditis and emphasized the relatively 
nign course and the apparent absence 
residua, but point out that the dis- 
se may simulate myocardial infare- 


] 


ACUTE NONSPECIFIC PERICARDITIS® 


GILLEY, 
IN MEDICINE 


WaAYNI 


M.D. 


C. \MicCorp, 
IN CARDIOLOGY 


AND 


James T. Tacucui, M.D. 


DIRECTOR, DEPARTMENT OF CARDIOLOGY 
Department of Cardiology, Veterans Administration Hospital, Dayton, Ohio, and 
University of Cincinnati, College of Medicine, Cincinnati, Ohio 


The 9 patients on whose case his- 
tories this report is based were seen 
during the past 3 years. All patients 
but this is not considered 


were male 


significant. since the cases came from 


incidence 


a veterans hospital. The age 
ranged between 24 and 59 with an 
average of 38 vears. The patients were 
selected to illustrate the varving forms 
of this disease. The outstanding points 
of the clinical courses of these patients 
are presented in the following case re- 
ports: 

Case Reports. Case 3. T.D.B., 59-vear old 
idmitted to Brown General 
L948 
suddenly devel 


white man, was 
August 15 


to admission he 


Hospital on Twenty-fou 


hours prior 
oped severe substernal pain with radiation to 
the left shoulder and the neck. The pain was 
aggravated by deep respirations and the re 
cumbent position and the patient found that 
he was most comfortable in the sitting posi 
tion.. There were associated dy spnea and mild 
cough. 

The physical examination revealed a well 
developed but poorly nourished white man 
who appeared moderately uncomfortable but 
in no acute distress. The temperature was 
100.8° F. The rate was 28: the 
pulse rate was 108, and the blood pressure 
120/80. The neck veins were. slightly 
distended. The pharynx was injected. Chest 
examination both 
lung bases and some decrease in the breath 


respiratory 
was 


revealed moist rales over 


* Reviewed in the Veterans Administration and published with the approval of the Chief 


dical Director 


The statements and conclusions published by the authors are the result of 


ir own study and do not necessarily reflect the opinion or policy of the Veterans Admin- 


ition. 
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sounds over the and 
laterally. The 
\ loud pericardial friction rub was 
of the heart. The 


ing physic il examination was essentially nega 


left base posteriorly 
heart was not enlarged to pet 
cuSSION 


heard over the bass remain 


tive except for moderate deformities due to 


trophic irthritis. The white blood count was 


14.650 with 92 neutrophils Che sedimenta 
tion rate was 23 mm. in 1 hour. The red 
hlood count was 5,460,000, with 14.5 gm. of 


hemoglobin. The urinalysis and serology wer 


negative \ 
definitely enlarged heart with widening at the 


teleoroentgenogram revealed a 


hase The lung fields showed clouding of the 
left bas 
pleural involvement The 
demonstrated ST 


which was interpreted as probabl 
electrocardiogram 
segment elevation in all 
standard leads The | 
in leads I and IT but 
Phere was a deep Q TIT pattern 
Because of the chest 
noted in the electrocardiogram the 
was thought to have a posterior mvo 
intarct admitted to the 


hospit il. He was pl iced at bed rest and given 


waves were upright 


inverted ke id 
sever’ pain the 
changes 
patient 
first 


cardial when 


supportive ire Phe temperature returned to 


normal on the 3rd dav and by the 5th hospital 
iv the patient was complete ly ivinptomati 
The peri irdial triction rub persisted for 
Serial 
ST segment elevation returned to the 
ifter 1 week. The 7 
the standard leads gradually became flattened 
ifter 
lectric ind 
ind Hat in CF 5 


d to 


davs electrocardiograms were taken 


ind the 
isoelectric. line waves In 
idmission, T waves in | 
inverted. in II and III 
ind ( F 6 The blood 
normal but the sedimenta- 


min. 


lwo weeks 
were 
white 
ount re 


remained elevated to 26 


tion rate 
\ 


| 
the he irt to 


repe it teleoros ntgenogram showed 


h ive decreased In The ple 
ral involvement of the left base had complete 
cle ired Phe patient 
ifter | 


tion however, — the 


Was discharged 


isvinptomati: month of hospit liza 
still 


ce scribed I Wave 


electrocardiogram 
showed the previously 
changes 

\ follow-up examination was made in Sep 
1950 


tember at which time the patient gave 


1 history of having been enjoying good health 
Recurrence of chest pain or respiratory symp 
toms had not been noted. A chest roentgeno 


a hemogram, and urinalysis were nor 


T he 


normal 


electrocardiogram was found to be 
Che previously described QO Ill pat 


mal. 


tern was not considered significant in the 
presence of a normal QRS in aVF 


* Reported as Case Report by McCord and Taguchi’ 


UTE NONSPECIFIC) PERICARDITIS 


difficulty in 


The differ 


entiating acute nonspecific pericarditis 


COMMENT. 


from acute myocardial infarction is 
shown quite clearly 


cardial infarction were present The pa 


in this patient 


of the classical features of mvo 


tient was in an older age group; the 
onset. location, and radiation of the 
pain were fairly typical; fever and 


leukoevtosis were present; and a fric- 
the 


electrocardiogram on brief analysis was 


tion rub developed Even initial 


suggestive of coronary occlusion be 
cause of elevated ST segments in the 
the 


deep Q wave in lead III. The signifi 


standard leads and presence of a 
cant points indicating the presence of 


pericarditis were the relation of chest 
pain to respiration; the constancy, dur 
ation, and intensitv of the friction rub 
the further evaluation of serial electro 
cardiograms which demonstrated no QO 
wave in aVF, indicating the OIIL to be 
positional in origin; and the absence of 


re ciprocal changes of the ST segments 


Cask 6.° A 52-vear old white man was ad 
mitted to Brown General H spital on July 11 
1950, with the chief complaint of chest pai 
Thirty-six hours prior t dmission he experi 
enced severe substernal pain which radiated 
to the back of the neck. to the left shoulder 
ind down the left arm to the wrist. This pair 
was aggravated by respiratory movements Be 

vuse of the persistent severity of the pair 


the patie nt was brought to the hospit il The 


history previous 


che st 


was negative tor ‘ pisode s ol 
disc iS¢ ind 1 


infection 


pain or known heart 


issociated or recurrent respiratory 
had occurre d 
Physical icutel 


ill, apprehensive well-nourished middle 


examination revealed an 


male. The temperature was 98.8° F.; the puls 
was 84; the respiratory rate was 28 per mir 
ute, and the blood pressure was 100/75 
There was no cyanosis or distention of th 
neck velns The lung fields were cle ul 2 
heart sounds were distant in character in 
the pulmonic second sound was of great 
intensity than the adrtic second sound. N 


murmur, gallop rhythm, or friction rub w 
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eard. The abdomen was slightly distended 
The remaining physical examination was not 
significant. The initial white blood count was 
14.600 cells per c.mm. with 75% polymor 


phonuclear cells. A portable chest roentgeno- 
rant demonstrated a heart of normal size 
ind configuration and minimal congestive 
changes of the left) lung base electro 
irdio normal 

Phe patient was diagnosed as having an 
cute myocardial infarction and treatment 
was instituted accordingly Anticoagulant 


therapy was started on the evening of admis 
on with full the rapeutic doses of heparin 
ind dicoumarin. The prothrombin time was 
iaintained at less than 25% of normal for 14 
lavs Phe temperature spiked to 1LOO.S 
or the first 5 days. The chest pain became 
severe on the 2nd hospital day. On the 


rd day a loud pericardial triction rub was 
eard at the base of the heart. At this time an 
lectrocardiogram: showed litthe change from 


he initial tracing other than slight elevation 


the ST segment in lead Ll. The pericardial 
ction rub persisted for 3 davs. The patient 
Cann and afebrile, and_ it 


is felt that the probable diagnosis was non- 
pel irdjtis: however, anticoagulant 
erapy was continue d because of dissenting 
pinion Serial electrocardiograms demon- 
trated a return of the minimally elevated S71 

ment in lead I to the base line, but notch- 

of the T waves appeared in the unipolar 
id precordial leads. The blood sedimenta 


n rate rose to 55 mm per hour. 

On the 12th hospital day the patient de- 
eloped weakness, dizziness, and chest pain, 
id the blood pressure fell to 94/70. This was 
llowed by a supraventricular tachycardia 


th a rate of 160. Subsequently the patient 
resented the picture of shock with a blood 
ressure of 54/70 and a marked pulsus para- 
xus. Oxygen, quinidine, and digitalis were 
ven and normal sinus rhythm returned. The 
neral state improved only transiently; shock 
curred and mental confusion was noted. On 
e following day, because of his confused 
ite, the patient removed his oxygen tent, 
ilked to the washroom, collapsed, and died. 
Autopsy of the patient revealed gross and 
croscopic evidence of acute pericarditis 
th old and recent hemorrhage into the 
ricardial sac, and there was evidence of 
reased pressure within the pericardium. 
{ myocardium and coronary vessels were 
entially normal 


COMMENT. This case again presented 
admission many clinical features 


TE NONSPECIFIC PERICARDITIS 


suggesting myocardial infarction. Anti- 
coagulant therapy and other routine 
coronary treatment were instituted. The 
loud pericardial friction rub and the 
failure of the electrocardiogram to show 
changes of myocardial infarction fav- 
ored the diagnosis of primary pericar- 
ditis. The fatal termination suggests 
the possibility of the detrimental effect 
of anticoagulant therapy. Postmortem 
examination showed evidence of acute 
pericarditis. but hemorrhagic changes 
in the pericardium with an element of 
cardiac tamponade were noted. 


Case 5. A 24-vear old white man 
was admitted to Brown General Hospital 
February 23, 1948, for the purpose of investi 
vating the cause of cardiac enlargement noted 
on a recent chest roentgenogram. He had 
been seen as an outpatient on February 14 
1948, at which time a roentgenogram of the 
chest was obtained because of the respiratory 
svmptoms. A chronic productive cough and 
frequent upper respiratory infections had voc 
curred subsequent to an illness with pneu- 
monia in 1943. During the recent episodes ot 
upper respiratory infections, the patient had 
noticed exertional dyspnea and a constricting 
sensation in the chest. Roentgen-ray examina- 
tion showed an enlarged, globular-shaped 
heart. An electrocardiogram showed elevated 
ST segments in the standard leads II and IIL. 

Examination on admission revealed a well 
developed and well nourished young male 
who did not appear ill. The temperature was 
98.6° F., 
pressure was 145/100 without a pulsus para- 


the pulse was 70, and the blood 


doxus. The upper respiratory tract and the 
lung fields were clear. The heart was not en- 
larged, the sounds were of good quality, and 
no murmurs or friction rubs were heard. 
‘Teleoroentgenogram and a fluoroscopy at this 
time showed the heart to be normal in size 
and in other respects. Electrocardiogram at 
this time revealed that the previously elevated 
ST segment had returned to the isoelectric 
line. Repeat electrocardiograms on this admis- 
sion were found to be normal with the excep- 
tion of a tracing taken on March 2, 1948 
which revealed auricular tachycardia. The 
hemogram, urinalysis, and sedimentation rate 
were normal. 

The patient was readmitted to Brown Gen- 
eral Hospital on April 16, 1948. One week 
previously he had developed an upper respir- 
atory infection. Six days prior to admission he 


f 
| 
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MC CORD, TAGUCHL: 
began have severe stabbing nonradiating 
precord if pain not related to exertion, but 
definitely aggravated by p respirations. H 


continued t have paroxysmal attacks of this 


PABLE 1 ASSOCTATED RESPIRATORY DISEASE IN 9 CASES OF 


iin for 3 days. During this time he had a 
ough iated with chilling ss, tever, sweat 
U il d we ikness He did not ippt ir to he 
cutely ll on admission The temperature 
was YY | the pulse was 70. and the blood 
ssure was LILS/80 without a pulsus para 
OXUS The pharvnx and lung fields wer 
ul li} heart was not thought to be en 
ged. No murmurs or friction rubs wer 
eard. Teleoroentgenogram again revealed a 
lobular rt. The electrocardiogram showed 
NONSPECTEI 
Prese / 
\ te / / 
} 

upper 
SI seg nt elevation in the standard leads II 
1 Ill. The white blood count was 11.150 
it] 76 neutr¢ phils The cold agglutinations 
il febrile agglutinations were nega 
tive. Tl] second strength tuberculin test was 

OSi 


rhe patient was practically free of symp- 


ms o1 idmission and continued isympto 
vatic nd febrile throughout hospital 
ourst chest x-ray taken 5 latet 
howed a definite decrease in the cardiac size 


On serial electrocardiograms, the ST segment 
deviation returned to the isvelectric line. No 


significant T wave change s developed 


CoMMENT. This patient demonstrates 
1e recurrent nature of the attacks of 
icute benign pericarditis and the fre- 


+} 
tl 


TE NONSPECIFIC PERICARDITIS 


quently associated respiratory — infec 
tions 

Discussion. Acute nonspecific peri 
carditis is generally considered to be 
inflammatory in nature and infectious 
in origin, and the latter view is sup 
ported by the high incidence of recent 
antecedent or associated respiratory in 
tections. In other series of cases re 
ported, antecedent respiratory illness 
occurred in 60 to 85% of the patients 


with nonspecihi pericarditis’ In 7 


PERICARDITIS 


of the 9 cases in this study respirator 
infection was a prominent feature ¢ 
the disease. Table 1 summarizes thi 
related respiratory conditions. In 2 « 
the 4 cases with moderately seve 
clinical respiratory infection Roentgei 
ray evidence of the presence of pu 
monary infiltration permitted the dia, 
nosis of atypical pneumonia. In 3 case 
there was evidence of pleural inflan 
mation on Roentgen-ray examination 
Pain has alwavs been described 
an outstanding symptom of the disea 
and invariably offers some initial co 
fusion with coronary artery thrombos 


/ 
2 
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Chest pain was present in 7 cases as 
outlined in Table 2. In 6 patients chest 
pain was a dominant feature, being 
substermal in location and severe in 
intensity. In 5 of these cases, there was 
radiation to the left shoulder; 2 of the 
patients described the pain as radiating 
down the left arm to the wrist. In 2 
cases there was no chest pain. In 1] 
of these cases there was persistent ach- 
ing in the back of the neck, both shoul- 
ders, and the left arm to the elbow. In 
the other there was severe pain in the 
left shoulder and under the left 


ACI 


NONSPECIFIC PERICARDITIS 


nonspecific pericarditis were present 
earlier, of greater intensity, more con- 
stant, and heard over a wider area than 
those associated with mvocardial 
farction. Therefore, the presence of a 
friction rub at the time of the initia! 
pain is an important point in favor of 
nonspecific pericarditis. In 6 of these 
9 cases a loud pericardial friction rub 
was heard over a wide area of the 
precordium, In contrast, the friction 
rub of mvocardial infarction is most 
often transient and localized. A review 
of previous reports on nonspecific peri- 


PABLE 2.) CHEST PAIN IN 9 CASES OF NONSPECIFIC PERICARDITIS 


capula. The chest pain was very much 
ike that seen in myocardial infarction 
vith the exception of its relation to 
respiration. In 5 cases there was dis- 
tinct accentuation of the pain by res- 
piratory movements or by any active or 
passive movements of the thorax. 
Carmichael* reported that the chest 
ain was intensified by respiration in 


76% of his cases. 


\ pericardial friction rub may be 
ieard in both mvocardial infarction 
ind acute nonspecific pericarditis; how- 
ver, there appear to be differences 
vhich are of distinct value in estab- 
shing a correct diagnosis. The _peri- 
ardial friction rubs associated with 


Radiation to fygrarated hy 


Left Should: Respiration 


carditis shows that a friction rub was 
heard in about 75% of the cases. Table 
3 outlines the auscultatory findings in 
the present series. 

The electrocardiographic changes of 
nonspecific benign pericarditis have 
been stressed by most observers as one 
of the most valuable aids in differential] 
11.15" This is true if classical 
patterns of infarct or acute pericarditis 
are demonstrated. The classical changes 
of acute pericarditis consist of initial 
elevation of ST segments in 2 or more 
leads and upright T waves which are 
occasionally tall or peaked. After a few 
days or occasionally weeks, the ST seg- 
ment returns to the isoelectric line and 


diagnosis” 


Ca 
\ iy 
| 
‘ 
{ 
l 
| 


inverted. Nav!® observed that 
carditis the T inversion seldom 
appeared until the ST segment returned 
to the isoelectric line. The ORS pat- 
terns and reciprocal depression of the 


in peri 
wave 


ST segments that occur in early or late 
mvocardial infarctions are not observed 
in acute pericarditis. 


rABLI 
CHANGES IN 9 CASES NON 
SPECIFIC PERICARDITIS 
Present Py nf 
on during 
Ho pi lixati 
Abnormal Klectro 
cardiogram 9 


T Segment Eleva 


tion 4 
1 Wave In ersion 2 9 
Arrhythmias 0 ) 


In the authors’ experience the char- 
acteristic electrocardiogram changes of 
nonspecific pericarditis are not found 
in all cases, especially during the initial 
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rABLI PERICARDIAL FRICTION RUBIN 9 CASES OF NONSPECTEIC PERICARDITIS 
Cane Duration 
Vo Onset days Tntens ty / 
| On Adm Entire Pre 
cordium 
) None Heard 
On Adm 4 Entire Pre 
} On Adm 10 Entire Pr 
rdium 
None Heard 
6 Hosp. Day Laude 
Base 
Davs Priot Loudes 
to Adm Ba 
oth Hosp Da e Pre 
None Heare 
the T waves become flattened or frankly — period of the illness when early diagno 


Table 4 The EKG taken 
it the time of admission or shortly there 
atter ab 


normalities in 5 « ase 


SIS IS desired 
demonstrated no. significant 
In the 3 « 

S1 


on admission, the elevation was signifi 


showing elevation of the segments 
cant primarily in comparison with sub 
sequent demonstrating a re 
Inverted T 
present on admission in 2 « 
little 
making an early specific diagnosis. A] 


tracings 


turn to normal waves were 
but 


\ alue 1 


ases 


these changes were of 


though 7 patients showed ST segment 
elevations and all 9 patients showed 1 
wave inversions during their hospital 
course, these changes were of diagnos 
tic significance only on evaluation of 
serial electrocardiograms 

The electrocardiograms in most cas« 
are reported as returning to norma 
within a 6-week period following th 
acute phase of peri arditis; however 
few cases will continue to show T wav: 
abnormalities for months 
vears*. In 1 of the cases of this serie 
(Case 4) T wave abnormalities, consist 
ing of diphasic and inverted T wave: 


or evel 
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were still present in the standard and 
precordial leads after a 2-year follow- 
up. 

It is notable that in 2 of 9 cases a 
paroxysmal supraventricular tachycar- 
dia developed during hospitalization. 
\lthough not previously stressed, this 


to normal in 3 weeks. The leukocyte 
count varied from normal to 14,000 per 
c.mm. with the differential of the high- 
er counts showing the polymorpho- 
nuclear percentage to be increased. 
Blood tests for cold agglutination were 
found negative in the 4 cases checked. 


PABLE 5. DIFFERENTIAL DIAGNOSIS IN: NONSPECIFIC PERICARDITIS 


Clinical Features 


Non specific Pericarditis 


Myocardial Infarction 


AG Average age less than $5 vears Average age above 50 vears 
SEX Male to female ratio 3 to 1 Male to female ratio 2 to 1 


ANTECEDENT RESPIRATORY 
TION 


Cnuest Pain 


~ 


PeRICARDIAL Friction Rup 


Loud and heard over wide area 


Long duration 


CIRCULATORY COLLAPSI May occur 


FeVEI Noted (at onset 


Ror NTGENOGRAM Heart enlarged 


Occurs in 60-85°, of cases 
Aggravated by 


Frequently present 


No significant relation 


respirations Not usually aggravated by 
respirations 


189, Present in 15-25°, if care 
fully looked for 

Localized 

Short duration 


Common 
Usually 24-48 hrs. after onset 


in approxi- Heart may be enlarged but 


mately 50°; cases with rapid 
change in size 
Pulmonary changes if present 


rapid change in size rare 


Pulmonary changes those of 


those of pneumonitis or 


pleurisy 


congestion 


EKG ST segment elevation without ST segment elevation with 


reciprocal changes 


No QRS changes 


reciprocal shifts 
ORS changes prominent 


Late T wave inversion 


LeEUKOCYTOSIS Present early 


SEDIMENTATION Ratt 


apparently not an uncommon occur- 
ncee® 6,1 
More than half of these patients had 
elevated temperature on admission: 
wever, there was a history of fever 
almost all cases. The fever charac- 
istically heralded the onset of the ill- 
ss and was frequently present with 
initial pain in contrast to the usual 
er occurrence of fever in myocardial 
arctions. The fever rarely exceeded 
2° and persisted a few days to 3 
v -eks. The sedimentation rate was ac- 
erated in all cases, usually returning 


Present early in course 


Usually later 


Present later in course 


Blood cultures were carried out in 7 
cases and found to be negative. 

In 2/3 of the cases the cardiac sil- 
houette was increased considerably in 
size and roentgenologic follow-up de- 
monstrated in most cases a rapid re- 
turn to the normal heart configuration. 
Such degrees of cardiac enlargement 
are unusual in acute myocardial infare- 
tion and the subsequent rapid change 
in heart size would favor pericardial 
effusion’. In general, clear lung fields 
in the presence of a huge cardiac sil- 
houette suggest pericardial effusion; 


] 
l 
( 
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however, this sign mav be more helpful cases‘. All cases in this series except 
in tuberculous }¢ ricarditis in contrast One Case 7 presi uted courses which 
to the nonspecific pericarditis which is were in keeping with the usual excel 
not uncommonly associated with in lent prognosis 
Hammatorv changes in the lung Summary. |. Nine case of nonspecifi 
Levy and Patterson® and Carmichael pericarditis are presented. 
et al.* consider the increase in cardia 9 The frequent confusion of this con 
silhouette frequently observed in non dition with mvocardial infarction 1 
specific pericarditis to be due to mvo- — stressed 
cardial dilatation: howeve1 Sonne ill The clinic features which hel) 
thors feel that pe ricardial effusion best to distinguish this disease trom acute 
explains the roentgenologic evidence of myocardial infarction are chest 
increased heart size®!”. It appears that pain which is aggravated by deep res 
nore diagnostic pericardial aspirations — pirations b) peri irdial friction rul 
or angiocardiog1 iphic studies will have which occurs early and is heard over a 
to he mad before a finite conclusion wide area; ¢ issociated respuatory 
Call b re iched fections d tendet \ tor recurrent it 
Wh re ispirations have been done tacks ( favol ble prognosis 
the fluid has been described iS sero | Phe initial electro irdiogram 
hemorrhagic*:! rhe hemorrhagic na these cases offered verv littl positive 
ture of the pericardial fluid would raise help in the early diagnosis of non 
the question ot whether inticoagulant specie pericarditis however seria 
therapy might not be contraindicated eclectrocardiograms VOTE diagnostic 
further emphasizing the need for dif showing the char res ot peri irclitis 
terentiating this condition from mvo iided in a negative sense in militatin 
cardial infarction igainst mvoe irdial infarction 
The significant features which mav 5. Three case reports are included t 
be he Ipful in differentiating nonspecific illustrate the varving clinical forms ot 


pericarditis from myocardial infarction the disease. Two cases present clinic 
are summarized in Table 5. features simulating mvocardial infar 
Al] reports have generally agreed tion. One of these cases with a fata 


that th prognosis ot nonspecific peri termination suggests the possible harn 

irditis is favorable. and there has been ful effect of anticoagulant therap Q) 
ampl follow-up to substantiate the case demonstrated the recurrent nati 
benign nature of the disease in most of nonspecifi peri irditis 
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IN a recent study the intravenous 
lection of de soxvcorticosterone ace 
ite (DCA) was tound to cause pro- 
mged elevation of the blood pres- 
ire of hypertensive but not of nor- 
otensive subjects. The pressor effect 
f DCA could not be attributed to 
creased cardiae output as measured 
the ballistocardiograph, or to vaso- 
mstriction in the ear lobes, fingers, 
toes as measured by photoelectric 
ethysmography?. Three possible ex- 
lanations for its action come to mind: 
that DCA causes renal vasocon- 
riction, thereby stimulating a_ renal 
essor mechanism, b) that DCA causes 
ilteration in the fluid compartment 
the body leading to an increased 
1d volume (not found by Perera 
d Blood‘), and c) that DCA has a 
rect action on the smooth muscles of 
id vessels. The present investiga- 
n is concerned with the first pos- 
vility 


Methods. The clearances of sodium p-amni 
ppurate mannitol, and chloride were 


This work was done under a grant-in-aid 


National Institute of Health Postdoctorate 


** Research Fellow in Metabolism. 


1 Supplied by Schering Corporation, Bloomfield, New Jersey. 


determined in 6 hypertensive, 4 normotensive 
individuals ind 2 patients with Cushing's 
svndrome before and after the intravenous 
injection of either the acetate or glucoside of 
desoxyvcorticosterone (DCA or DCG). Solu- 
tions for the clearances were made in “physio- 
Blood pres- 
sure was measured at frequent intervals 


logical” saline solution (0.85% 


during the experime nts bv the standard cuff 
method. After 2 control periods of approxi- 
mately 15 minutes each, 5 mg. of DCA## in 
2.5 ce. of propylene glycol or its approximate 
equivalent 10 mg. of DCG dissolved in 
1.0 cc. of 10% glucose and 10% acetamide, 
were injected intravenously. The effects were 
observed during 1 to 5 subsequent periods. 
In 3 instances, the effects of propylene glycol 
ilone were measured. The daily dietary in- 
take of salt was 5 to 8 gm. for all subjects 
except V.R., a hypert nsive subject receiving 
1 gm. per day on 1 occasion and 16 gm. on 
another. In an attempt to standardize psy- 
chogenic influences all experiments were 
done under the same environmental con- 
ditions. 

Ten healthy mongrel dogs, 4 female and 
6 male, were anesthetized with pentobarbital 
sodium (0.029 gm. per Kg.) and a Hamilton 
optical manometer was used to record blood 
pressure in the femoral artery photokymo- 
graphically. Adequate control injections of 
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the solvent for DCA 
acetamide 


either propylene glycol 
or 10% glucose in 10% 
tor DCG made 
effect upon blood pressure recorded for sev 
eral minutes Subsequently 5 mg. of DCA in 
0.5 cc. of propylene glycol, or 5 mg. of DCG 


in 0.5 ec 


the solve nt 


wert intravenously and their 


10% glucose in 10% acetamide, were 


} 


injected. The blood pressure was recorded at 


5-minute intervals for a period of at least 15 
minutes 
ried out under ase pti technique during the 


next 15 to 30 After removal of the 


Bilateal nephrectomy was then ca 


minutes 


( 


{ 
DB DCA 
PG 
DCA 
DCA 
PG y 
DCA 
DCA 
L.S Da 
) 
M.H DCG ) 
I. DCG 
S 
F.B ) 
L. P Dae 
G.G DCG 
A.5 DCG SO 
Vis DCG RR 
R.A DCG S 0 4 
PG— proj ol; DCA—desox 
Sod alfate used instead of mannitol 
Values ar rages of all mea remetr ma 
DCA was g me. « De, of 


kidneys injections of the Same substances 
were again made in the same order. Twenty 
four or 48 hours later the experiments were 
again made in the same order. Twenty-four 


or 48 hours later the experiments were re- 
peated under anesthesia in the 6 dogs which 
The dogs were main 


were in good condition 


tained o1 


1 meat-free diet after nephrectomy 
le Ve ls ot blood 


calculations 


Average were 


for 


pressure used 


Results. Patients. ef 


tects upon effective renal plasma flow. 


No consistent 


significant rise 


SCHROEDER, 


was considered to be one of 
from the average of the control period determinations. 


DAVIES: 


glomerular filtration rate, or filtration 
fraction in either the hypertensive or 
noticed 


normotensive were 


(Table 1). When a significant® rise in 


subjects 


blood pressure did occur in some hyper- 
t of 6), it could not 
efferent 
indicated by 


tensive patients 
be 


constriction 


correlated with arteriolar 


as a signifi 
cant increase in the filtration fraction 


\ rise in blood pressure may have oc 


EFFECT UPON RENAL CLEARANCES AND BLOOD PRESSURE OF DCA AND DCG GIVEN INTRAVENOLS 
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curred in the other hypertensive p 
tients, not demonstrable by the au 
cultatory method, which in neuroget 
hypertension may be subject to wi 
and is not accurate 
methods involving direct puncture’. 
2 patients exhibiting Cushing’s sy 
drome, DCG appeared to change t 
filtration fraction slightly in a direct 
indicating increased efferent arteri¢ 
constriction concurrent with an incre 


variations sO 


10 mm. Hg or more in diastolic press 


| 
pal } 

H 
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ACUTE PRESSOK ACTION OF 


blood pressure. There was a signifi- 
cant elevation of blood pressure with- 
out change in the filtration fraction in 
1 normotensive patient who was con- 
valescing from poliomyelitis. ERPF fell 
in 7 instances, rose in 3, and was rela- 
tively unchanged in 5. Significant eleva- 
tion of the diastolic pressure accom- 
panied the fall in ERPF in every in- 
stance but When diastolic pressure 
did not change, the clearance of PAH 
was unchanged or rose. When diastolic 
pressure rose slightly (4 instances ). 
ERPF fell in 2. 

It is of interest that a pressor re- 
sponse to DCA was not elicited in | 
subject, V.R., receiving | gm. of salt 
per day but did occur after she had 
been ingesting 16 gm. per day; the fil- 
tration fraction also tended to increase 
slightly. The latter change was not 
seen in subjects ingesting normal diets. 

Plasma chloride levels increased 

of 3 hypertensive subjects in 
both patients with Cushing's syndrome 
soon after the injection of DCA or 
DCG, the greatest rise noted being 4.3 
mEq./L. in 30 minutes. No such effect 
was observed in normotensive patients. 
The urinary volume decreased in 3 of 
| hypertensive subjects and did not 
change in the others. The chloride ex- 
cretion increased in 1 hypertensive 
ind the 3 normal patients, decreased 
in 3 hypertensive patients and 1 
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with Cushing's syndrome*®. The ratio 
U UF 
M — /Cl —, which is indicative of the 
P P 
amount of chloride reabsorbed by the 
tubules, was altered in a direction sug- 
gestive of decreased reabsorption only 
in the “normal” patients. Propylene 
glycol did not change the rates to any 
extent in one hypertensive subject. In 
the others, these steroid compounds 
either produced no significant change, 
or in the case of the patient receiving 
. low-salt diet, increased reabsorption 
pies ‘rately (Table 2). The effects upon 
chloride excretion are not explained. 
The assumption of maximal rates of re- 
absorption by slightly damaged  (is- 
chemic) renal tubules is inconsistent 
with the clinical conditions of the pa- 
tients. 
Docs. Five of the 10 dogs exhibited 
a pressor response to DCA or DCG be- 
fore nephrectomy (Table 3) which was 
not related to the initial levels of blood 
pressure. Two of 3 showed pressor re- 
sponses to cians glycol and none 
of 4 to glucose and acetamide. Immedi- 
ately after bilateral ne phrectomy, 5 of 
the 10 had a similar pressor response. 
Twenty-four hours later 2 of 4 gave a 
pressor response and 48 hours after 
nephrectomy, 1 of 3 again responded. 
\ pressor response occurred after neph- 
rectomy in 2 instances in which it had 


* It is possible that the patient, L. P., who exhibited Cushing’s syndrome, did not represent 
i classical case, especially in view of the absence of the effect of DCG on urinary chlorides. 


| The urine mannitol concentration, designated M 


plasma mannitol concentration 


U 
represents the degree to which 


P 


he glomerular filtrate is concentrated, assuming mannitol is not reabsorbed by the tubules 


actually the ratio of the clearances of mannitol and = chloride, has been 


P P 


rmed the “chloride reabsorption ratio.”* The 


clearance of mannitol was considered a meas- 


re of the glomeruler filtration rate, and therefore an indication of the amount of chloride 
ltered. The ratio must therefore always amount to 1 or more; in normal states values of 50 
100 or more are the rule, varying with the dietary intake. High values indicate high rel- 


tive rates of reabsorption, low values indicate that more chloride is excreted 
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rABLEI EFFECT UPON CHLORIDES AND URINARY VOLUME OF DCA AND DCG GIVEN INTRAVENOUSLY 


EFFECT ON BLOOD PRESSURE (MM.HG) OF INTRAVENOUS 1 
BEFORE AND AFTER BILATERAL NEPHRECTOMY 


( 


xVcortlicoslerone glucoside, 
cc. propylene glycol. 

tes after injection of substance 
tohe Oto 10 + 10 to 1 


} Ch Chloride Urine | D 
/ l | ) 
HYPERTENS 
F.B DCG 0 { 
LP . t t 
Dat, 
\ 0 
DCA wive in 5.0 meg. doses. DCG ‘ 
see page for explanation of rat 
i } j j 
DCG O/1LS ) Ad 
DCG {0/85 ) 10'S ) 
G.A 140/85 0 
DCG 80/100 
25/82 
DCG SO/140 ‘4 0 
G.A 30/14 0 
DCA 210/132 0 220/145 ) 
P.G 237/155 245/150 
DCA 62/105 0 180/125 0 
P.G 27 + 195/135 0 
DCA 170/110 + 70/112 0 
P.G 175/117 0 175/125 
G.A 70/8 0 ‘ 
DCG 0 15/4 0 
G.A 145/9 25/00 ) 
DCG g DCA » ng. desoxvecorticosterone ac ite, A 
etamide, P. G ( 
ft B. P. 15 minu 
respons 16 to 20 tk n. Hg 
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not occurred before. Ordinarily. if des- 
oxveorticosterone caused an elevation 
of blood pressure in the control period, 
elevation also occurred after nephrec- 
tomy. There was no consistent potentia- 
tion or decrease in the response to DCA 
or DCG immediately after nephrec- 
tomy, 3 increasing, 3 decreasing, and 4 
not changing. Following nephrectomy 
diastolic pressures were lower in 4, did 
not change in 2, and were higher in 4. 
three of the 10 dogs exhibited diastolic 


pressures of 


120 mm. Hg or more at 
the start of 


the experiments. 

Discussion. From these results it is 
‘bvious that regular changes in intra- 
renal hemodynamics do not follow the 
itravenous administration of DCA or 
DCG to human subjects. At the most 


( the rent 


arteriolar constriction can be 


vostulated The 


liastolic pressure suggests that arterio- 


concomitant rise in 


lar constriction in the kidnevs is part of 


generalized process and is not con- 
fined to the 


renal vascular bed. 
It would also appear that the pressor 
tlect of D¢ 


n dogs does not depend upon the pres- 


Clic? ot the 


\ or DCG when it occurs 


kidnevs. Since there was 
10 consistent potentiation in the pressor 
24 hours. and 48 


iours after ne phrectomy, it would seem 
+] 


immediately 


( SPOT st 
iat removal of an “anti-desoxvcorti- 
osterone” substance did not occur. 
Davis and others did not find any 
lifferences in the pressor action of DCA 
lissolved in propylene glycol and 
ropvlene glycol itself in hvpertensive 
nd normal unanesthetized 
direct arterial 
manometer!. 


dogs as 
ieasured by puncture 
vith a How- 
ver, changes in the blood pressure may 


mercury 


of such nature that measurements 
mean pressure will not give the true 
icture of what is taking place®. For 
xample, in dog experiment one, after 
ephrectomy the systolic pressure was 
1S mm. Hg and the diastolic 84, in- 
easing to 122 systolic and 97 diastolic 


after the injection of DCG. Change of 
mean pressure from 101 to 110 would 
have insignificant, 
whereas the actual change in diastolic 


been considered 
pressure was 13 mm. Hg. Likewise, dis- 
torted interpretations may occur in the 
opposite direction. A change from LOS 
mm. Hg systolic and 57 diastolic to 175 
systolic and 80 diastolic gave an in 
mm., 
whereas the actual diastolic elevation 


crease in mean pressure of 45 


+ 


was 23 mm. If mean pressure readings 
had been used, a negative instead of a 
positive response would have been re- 
t other instances. 

Propylene glycol is an irritating sub- 
stance when injected rapidly into a 
vein, causing considerable pain along 


corded in 


the course of the vein which may give 
DCG in the 
appropriate solvent is not irritating. In 
11 of 19 injections into dogs, DCG 
caused blood 


sometimes of marked degree; in man 


rise to pressor responses. 


elevation of pressure 
this response occurred in only 3 of 10 
experiments. The inconsistency of re- 
sponse is unexplained. DCA, on the 
other hand, was pressor in all 3 hvper- 
tensive patients, but in only 2 of 7 in- 
jections in 3 anesthetized dogs. It is 
possible that the immediate effects of 
DCA and DCG differ in both human 
subjects and dogs. In a few experiments 
in hypertensive dogs. both anesthetized 
and unanesthetized, DCA or DCG con- 
sistently caused pressor responses while 
propylene glycol alone injected verv 
slowly did not. 

Summary. Measurements of effective 
renal plasma flow and glomerular fil- 
tration rate before and after intrave- 
nous administration of desoxycorticos- 
terone acetate and desoxvcorticosterone 
glucoside in 6 hypertensive and 4 nor- 
motensive subjects showed no consist- 
ent effects on renal hemodynamics. In 
2 patients with Cushing’s syndrome, 
slight eHerent arteriolar constriction oc- 
curred concurrent with an increase of 


262 


ACUTE 


PRESSOR ACTION OF 
blood pressure. This occurred in only 
one of the other subjects. A pressor re- 
sponse in 4 of 6 hypertensive patients 


and 1 normotensive was observed. As 
U U 
indicated by the ratio M Ci =, 
P P 


the reabsorption of chloride decreased 
in normotensive and was unchanged or 
increased in hypertensive patients and 
The 


intravenous injection of 5 mg. of DCA 


those with Cushing’s syndrome 
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DCG 
only half of 10 normal dogs. Removal 
of both kidneys did not affect the re- 
sponses; that ‘is, if a pressor response 


or caused pressor responses in 


occurred prior to nephrectomy, it us- 
ually was elicited after nephrectomy 
It appears, therefore, that desoxycorti 
costerone in the doses employed does 
not cause the pressor response, when it 
occurs, by initiating a renal vasopresso1 
mechanism dependent upon efferent 
arteriolar constriction 
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\LTHOUGH prolongation of the QT 
egment of the electrocardiogram has 
nterested the cardiologist for many 

ars, the recent renewed interest. in 
electrocardio- 
raphic effects has stimulated further 
vestigation of this subject. Because 


lectrolytes and_ their 


e OT interval prolongation is an ac- 
mpaniment of many different clinical 
tates and since recent studies have dis 
osed additional conditions which are 
ctors in its production, it seemed of 
ilne to accumulate a series of cases 
inifesting QT segment prolongation 
routinely observed in a large hospital 
determine a) the various clinical 
ites that are responsible for its causa- 

m, b) their relative incidence, and 
the method that may be used to 
termine the underlying etiology so 
it proper therapy, if indicated, may 
applied. 

Material and Methods of Study. The ma 
il utilized in the study consisted of the 
hors’ observations on 168 patients with QT 
ent prolongation. Only those subjects 

chosen for study whose electrocardio- 
ms manifested a QT segment prolongation 

20% above the normal as calculated by 
ett’s formula?. The etiologic classification 
these patients is listed in Table 1. In 


his work was aided by a grant from the United States Public Health Service. 


TABLE 1 


CLINI 


AL CONDITIONS ASsO- 


CIATED QT PROLONGATION 


DISTURBANCES 


jx calee mid 


1) Postthyroidectomy 


2) Idiopathic hypoparathyroidism 

3) Uremia 

t) In association with alkalosis ac- 
companying vomiting states 


B Hy popota ssemia 


1) Diabetic 


Acidosis 


Vomiting duc to intestinal ob- 


struction 
3) Miscellaneous Group 


a) Familial periodic paralysis 


6) Inanition 


ce) Adrenocorticotrophic hormone 


d) Colitis 


e) Prolonged administration of 
parenteral fluids (Sodium 
chloride and glucose) 

f) Renal disease (“‘salt-losing 


nephritis” 


(. Combined Hypopotassemia and Hy- 


pocalcemia 


5 cases noted in A-4+ 


2. MYocaRDIAL 
DISEASE 


a) Hypertensive cardiovascular 


ABNORMALITY 


disease 
b) Myocarditis 
c) Myxedema heart 


Cases 


16 


| 
| 
| 
| 
| 
| 
35 
3 
| 
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Coxp ASSOCIATED Myo 
ARD ANOXIA 
Myocardial infarction 11 
Arteriosclerotic heart disease 
Pulmonary embolism 
During emergence from 
Stokes-Adams attack l 
In association with illuminat 
gas poisoning l 
1) heart 
Rs 
Hyp G 
\ Ninos 
1) 
6 | | 
168 
ubjects the opportunity was 
ttrorded taking serial tracings over a period 
t davs. In the patients with hypo ilcemia 
Vpopotass ind electrolyte alterations 
lue t tl 1 loss, fre juent chemical estima 
wel ( ncluding pH, carbon diox 
powell protein chloride ure 
troge! potassium ind calcium, simultane 
ushy vil the taking of the electrocardio 
gram. In the earlier group of patients only 
the limb leads I I] ind III were taken 
In the jority, however, leads CR 2, 3, 4 
d 5 ddition to the limb leads were 
ivailable. In 5 patients with hypocalcemia 
1 40 patients with hypopotassemia elec 
tr urd raphic ind chemi il estimations 
ere de befor during, and after ad 
nistration of these electrolytes.‘ 
In those instances wher multiple elec 
ivte alterations were present, studies wer 
nade during and after the administration of 
the res] tive 10ns 
Determinations of the electrolyte concen 
ration in the serum were ilso obtained on 
some patients in whom the QT segment pro 
longation was associated with coronary occlu 
sion pul nary emboli, rheumatic fever, hy 
ertenslo! il | the idministration of quini 
dine sulfate. Since the results were largely 
negative such estimations as t routine meas 
ure wel! later ibandoned. 


The serum potassium ind sodium 


a Beck 
At least ] specimen ot 


calcium 
determinations were performed with 
man flam« photometer 
determinations 


Clark 


each group of calcium 


was 


checked ndependently by the and 


|, 
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( ollip method!®, Phosphates wert deter 
mined by the method of Fiske and Sub 
Barow 7 chloride by the ne thod ot Wilson 


ind Bell71, carbon dioxide-combining power 
method of Van Slyke and Cullen® 

ind the total proteins by the method of Kings 
lev47, Ionizable calcium was determined from 
the chart of McLean The pli 
determined by the Beckman pH meter 


the 


ind Hastings?” 
was 
using the hypodermi type ot glass electrod 

The Electrical Systole 
The measurement of the length of the Q'1 
interval is not always a simple matter becauss 
the end of the | 
clearly demarcated. In this study 
leads CR 2, CR 3, and CR 4 wer 
as the 
leads TiVe the 


Measurement of 


wave is frequently not 
precordia 
used to 


l 4 have 


clearest and 


this measurement authors!! 


found that these 


most marked evidence of hypopotassemia 
That lead in which the termination of th: 
l wave was most clearly seen ind whet 
the OT interval was longest, was used fi 


the measurement 
Another complicating feature in the m«e 
ot electri il sto] 


prominent U 


urement e was the presen 


ot more Or less whi 
followed the | 


upp ired in the form of a T wave 


wave 


wave at various intervals. | 
notchin 
or followed the T wave with an intervenit 
ot reach the isoe lectt 


tracings it 1s a matte 


depression which did 
line (Fig. 1). In these 
of some importance whether electrical systol 
should be end of the T wav 
OT interval) or to the end of the U wai 
QU interval)!!.13, This subject is discussed 

inother portion of this paper 


measured to the 


PROLONGA 
4 Low SERUM 
Catcrum. The etiologic types observe 


Findings. QT SrcmMeEent 


riION ASSOCIATED WITH 
in the patients of this series are note 
in Table 1. The serum calcium levels it 
the 
which inadvertently included parathy 


patients following thyroidectom 


roid tissue was only moderately low 


ered. The values were 3.4, 3.5 and 3 
mEq./L. 


of mild 


respectively. Manifestatior 
tetany observed in these pP 
tients disappeared following the admi 
istration of calcium 

There was one case of idiopathic h 
poparathyroidism which fulfilled t! 
criteria established by Drake, Albrig! 
Bauer, and Castleman (1939)2. The 


w serum magnesium is also said to prolong the QT segment. However, relatively { 


studies are available in the human subject. In the few patients where serum magnesium stu 


were obtained in patients with hvpopotassemia, no significant changes were observed 


Qi 
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CRS 


CR4 


CR2 


B C 


§ 
n CR 
} |.—D. k., male, age 60. Diagnosis: carcinoma of the head of the pancreas with fluid loss 
to vomiting for 3 days prior to admission on Feb. 14, 1950. QT (QU) prolongation asso- 
' ted with hypopotassemia. Note prominent U waves in the control tracing, particularly 
p marked in the precordial leads. 
\. Feb. 14, 1950. QU prolonged 72% above normal. Serum potassium was 2.10 mEq./I. 
h B. Feb. 15, 1950. After 1000 cc. of potassium chloride were given intravenously in 6 
t rs. Note marked improvement. QT interval prolonged 57%. Serum potassium was 3.35 
mEq./L. 
\ Feb. 16, 1950. Potassium therapy continued. QT interval now only 16% above normal. 


Serum potassium was 4.15 mEq./L. 


A 
silly: 
|| 
ely 


206 BELLET, FINKELSTEIN: 
criteria are: a) hypocalcemia, b) in- cases of their own). The authors’ pa- 
crease in organic phosphorus, c) ab- tient. a female, aged 56, presented her- 
sence of renal disease as the cause of | self with obscure convulsive seizures 
hvperphosphatemia, d) normal roent- which were initially considered to be 
genograms of the bones to rule out — hysterical in origin. It is of some inte1 
rickets o1 osteomyelitis. (Such cases are est that the diagnosis of hypocalcemia 
not common. These authors collected was suggested by the QT prolongation 


S cases from the literature and added 5) (35% above the calculated normal) in 


Fic 2.—A. White female, age 56. Diagnosis: idiopathic hypoparathyroidism. a, April 23, 1935 
Serum calcium 2.8 mEq./L., serum phosphorus 6.2 mg. 1/100 cc. OT interval increased 30 
ibove predicted normal. b, May 16, 1938. After treatment. Serum calcium 4.0 mEq./L. Q 


interval within normal range 


B M.D... white male, a 


confirmed by necropsy. 4d, 
) 


ge 40. Diagnosis: glomerulonephritis with azotemia, renal rick 
Lead | Ol prolonged 57% above the predicted normal, Seru 


calcium 1 mEq./L.; 20 ce. of 10% calcium gluconate was given intravenously after whi 


% minute. b, 1% minutes after calcium. Note decrease 


tracings were taken at intervals of 
length of the QT interval and less inversion of the ‘TT wave. c, 2 minutes. The QT interval 
slightly more prolonged than in b. d, 15 minutes after injection of calcium. The QT intery 
as control a 


increased to 57% which is the same 


t 
A 
Qa 
i 
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the electrocardiogram. The serum cal- 
cium at the initial observation was 2.1 
nkg./L. and phosphorus 7.5 mg. per 
100 ce. This patient improved upon the 
idministration of calcium, vitamin D, 
nd parathormone (Fig. 2A). 
Prolongation of the QT interval was 
bserved in 15 patients manifesting 
varving stages of uremia. In addition, 
the electrocardiograms in most of this 
group showed inversion of the T waves 
i the limb leads and in precordial 
eads taken from the left side of the 
wecordium. Necropsies obtained in 1] 
vatients of this series revealed glomer- 
ilonephritis in 6, benign nephro- 


clerosis in 3, malignant nephrosclerosis 


in 1, and pyelonephritis in 1. The serum 
calcium obtained in § of these patients 
ranged from 2 to 3.7 mEq./L. with an 
average of 3.0 mEq./L. 

Of 20 patients with vomiting due to 
acute intestinal obstruction where fre- 
quent serum calcium estimations were 
obtained, the serum calcium level was 
diminished in 5. When the serum potas- 
sium values were quite low (1.7 to 
3.3 mEq./L.), usually associated with 
a considerable degree of alkalosis, the 
serum calcium levels also tended to be 
low but not nearly so low proportion- 
ately as the serum potassium. The 
serum calcium levels ranged between 


45 to 4.0 mEq. I.. in most of the pa- 


Fic. 3.—Female, age 63. Diagnosis: carcinoma of the stomach. 
\. Oct. 17, 1949. Leads I, II, II, and CR4 taken after patient had sustained marked 
| loss by vomiting and through an intestinal fistula. Circulatory collapse was present at this 


Che serum potassium was 2 


2.2 mEq./L., CO. was 96 vol./100 cc. Note marked prolonga- 


# OT interval in leads I and CR4. QT interval is prolonged 100% above the calculated 
normal. 


\fter patierit had received LOOO ce. of isotonic potassium chloride intravenously. Serum 
sium was 3.2 mEq./L. Note shortening of QT interval as compared to tracing taken the 


prev ious day. 


| A B 
m 
Spy 
©. 
| 


?ON 
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tients when the serum potassium was 


low. This decrease involved the ionized 

as well as the unionizable fraction. 
Tne CHARACTERISTICS OF QT SEG 

MENT PROLONGATION Due to Hypo 


The characteristics of the 7 
wave in QT interval prolongation re- 


CALCEMIA 


sulting from hypocalcemia have been 
discussed by Hegglin and Holzmann*! 
and Ernstene and Proudfit?*. In hypo- 
calcemia prolongation of the QT seg- 
ment involves only the 
the ORS and T 


which is an isoelectric line. The T wave 


segment be 
tween wave proper 
itself is apparently unaltered; it may 
be either inverted or upright. This pat- 
tern can usually, but not invariably, be 
differentiated 
One of the 


tracings in patients with alkalosis as 


from hvpopotassemia 


authors!® has encountered 


sociated with vomiting states (Fig. 1] 
IIIb in difficult 
on the basis of the electrocardiographic 
findings alone to differentiate the O71 
resulting 2 


electrolvte 


pattern which it is 


prolongation from these 


types of disturbances??. 
When simultaneous deficiency of cal- 
cium and potassium are present the T 
wave and ST segment changes are fre- 
quently atypical. The administration of 
one or the other electrolyte will often 
more clearly demonstrate the deficiency 
of the other electrolvte™. 

EFFECT OI 
The 
of calcium gluconate, 10 to 20 cc. of 
a 10° 


less complete disappearance of electro- 


ADMINISTRA 


rlON intravenous administration 


solution, will result in more or 
cardiographic 


Fig 


evidence of hypocal 
2). This effect is transient 


and is observed in about 1 to 2 minutes 


cemila 


following its administration, with a re- 
turn to the configuration in 
about 5 to § 1 patients 
with hypocalcemia no significant alter- 


control 
minutes. In 
ation in the T wave was observed fol- 


lowing the administration of calcium 


if the hvpocalcemic T wave was up- 
right 


However, when the hypocal 
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cemic T wave was inverted, the inver 


sion tended to become less deep fol- 


lowing calcium administration (Fig 
°B). 
The administration of calcium did 


not alter the QT segment prolongation 
due to hypopotassemia and vice versa 
These electrolytes are apparently spect- 
fic in compensating for their own de 
ficiency'*, as demonstrated electro 
cardiographically. It is of some interest 
that in combined calcium and potas 
sium deficiency the usual evidence of 
nervous irritability due to hypocalcemia 
atter 


potassium administration the tetany of 


mav not be observed. However 


hypocalcemia becomes manifest? 
THe 
WITH HyPOPOTASSEMIA 


ASSOCIATED 
The 1 


longation associated with hypopotas 


PROLONGATION 
pro 


semia is probably the most important 
This 


its relative 


single type encountered. state 
ment is made because of 1 
frequency, 2) the profound systemi 
effects resulting therefrom, and 3) th 
relatively rapid return to normal of 
clinical and electrocardiographic alter 
ations following the administration of 
this ion. 

of the clinical cond 


with hy popotassemi 


The incidence 
tions associated 
observed in this series is mentioned ji 
Table 1. They occurred chiefly inp: 
tients following treatment of diabeti 
acidosis and in alkalosis due to vomit 
This been th 
subject of a report on tl 


ing states series has 
separate 
electrocardiographic manifestations « 
The QT 


was prolonged in 33 of the 35 patien 


hypopotassemia™®. inter\ 
during the stage of hypopotassem 
following therapy for diabetic acidos 
in all of the 34 patients with vomitir 
due to intestinal obstruction, and in 

10 of the cases in the 
group (Table 1). Correlation betwe 


miscellaneo 
the level of the serum potassium ar (| 
the degree of OT segment prolongati 


(OT *5 was made in 42 electrocard 


|_| 

| 

} 
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grams from patients with diabetic 
acidosis and in 38 from patients with 
vomiting. The statistical correlation be- 
tween the length of the QT interval 
iid the serum potassium concentration 
Was reported previously im a series of 
cases of diabetic acidosis and was 
found to be highly significant (r 


0.73: p 0.001). The same corre- 
lation studies were performed on the 
present series of cases of diabetic aci- 
losis and showed similar correlations. 
lhe statistical correlation between the 
QT interval corrected for rate (QT-) 
md the serum potassium concentra- 


tion in cases of fluid loss due to vom- 


ting (n 38) has also been found to 
be significant (1 67: p << ~1 
) 


U waves of varying degrees of prom- 
ence were observed in 33 of 79 pa- 
tients 19% The presence of this 
ave is considered to be an important 
riterion of hypopotassemia. 

Phe electrocardiographic alterations 
served in hypopotassemia were im- 
ediately reversed following the ad- 
inistration of potassium. 
ABNORMALITY AND/OR 
sease: Of 20 cases classified under 


\IYOCARDIAI 


vocardial disease the etiology was as 
llows: hypertension in 3. mvocarditis 
16. and myxedema in 1 case. The 
lowing etiologic types of mvocardi- 
were noted: rheumatic fever in 13. 
d, in 1 case each, diphtheria, strep- 
occic infection, and scarlet fever. In 
dition to QT prolongation, other evi- 
nees of myocardial damage as shown 
the electrocardiogram were inver- 
n of T waves in limb and precordial 
ds. abnormalities in the QRS com- 
x, and bundle branch block in 1 
lhe patient with myxedema was a 
ale, aged 40, who was known to 
e had this condition for about 6 
rs. The BMR ranged from — 35 to 
10%, the cholesterol was 380 mg. per 


100 cc., and the serum calcium (4.6 
mEgq./L.) and potassium 4.5 mkq./L. ) 
were normal. 

ConpitTions AssociATED witH Myo 
CarpiaAL Anoxta. A. Acute Myocardial 
Infarction. Prolongation of the QT in- 
terval in myocardial infarction was 
observed in 11 patients during the 
acute and subacute stages (Fig. 4). In 
the healed stage, significant QT pro- 
longation was rarely observed. The 
incidence of QT prolongation Was 
about equally distributed in subjects 
with anterior and posterior myocardial 
infarction. 

B. Pulmonary Embolism. QT seg 


ment prolongation was observed in 5 
subjects with pulmonary embolism. 
The QT prolongation was considerable, 
ranging trom 33 to 55% above the pre- 
dicted values. Other evidences of mvyo- 
cardial anoxia, as indicated by ST seg- 
ment deviation and T wave inversion, 
were also present. In 3 of these cases 
the diagnosis was confirmed by au- 
topsy. In the other 2 cases the clinical 
diagnosis was clear cut; in this latter 
group the QT prolongation disap- 
peared with improvement of the patient. 

C. During Emergence from Stokes- 
Adams Attack. During a Stokes-Adams 
attack the heart muscle is subject to 
extreme degrees of anoxia. In such 
instances one may occasionally note 
prolongation of the QT interval in the 
cvcles immediately following an attack 
of cardiac standstill. As the anoxia 
diminishes with the return of normal 
ventricular contraction, the prolonged 
OT interval gradually decreases and 
finally returns to normal. Such an epi- 
sode is illustrated in Fig. 5. 

D. In Association with Illuminating 
Gas Poisoning. The effects of carbon 
monoxide poisoning in producing myo- 
cardial anoxia are well known. A pa- 
tient 53 vears of age who was admitted 
to the hospital with a severe grade of 
luminating gas poisoning was studied. 
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CR 5 


¢ 


2-13-50 


2-15-50 


4° 3-50 


Note inversion of T wave in leads I and II and precordial leads 
prolongation of OT segments (579% 


Faken 2 days later. Note inversion of T wave in al 


Shows QT prolongation associated with acute myocardial infarction 
54, presented a typical story of substernal and precordial pain accompanied 


shock on b b 


13, 


1950 


iW 
b 


Vat 


Also 


note 


above pre dicted normal 


leads with increased unplitucl 


T waves with QT prolonged 50% above normal 


laken April 3, 1950. The myocardial infarct is now in a subchronic stage 


vement in tracing. The 


in CR2, 3, 1, The 


and 5 


T waves in leads | and I] are 
T wave in CR6 is upright 
within the normal rang: 


Not 
still slightly inverted; the ‘I 
Phe 


marke 
Wave 


OT interval is nov 


Recovery from a period of complete cardiac standstill during a Stokes-Adams s\ 
drome (Lead II). Note long QT interval covering almost entire cvcle in 
cardiac standstill. Note gradual decrease of QT interval during period of recovery. 


first complex att 
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Phe electrocardiogram showed ST seg- 
ment depression in both limb and 
precordial leads with marked prolonga- 
tion of the QT segment. Necropsy 
showed areas of necrosis involving par- 
ticularly the subendocardial portion of 
the left ventricle. 

COMBINED FAacrors. Hypoglycemia 
and avitaminosis have been placed in 
this category. A combination of many 
factors is apparently operative in pro- 
ducing the QT prolongation in these 
states. These will be discussed below. 

Hypoctycemia. Of 58 electrocardi- 
ographic studies made by one of the 
withors'® during: the insulin shock 
treatment in 10 patients between the 
ies of 20 and 40 vears who received 
between 100 to 340 units of insulin, sig- 
\ificant OT prolongation was observed 
1 6 subjects. This was usually accom- 
vanied by Si depression or T wave flat- 
tening. The QT prolongation ranged 
between 20 and 33% above the normal 
wredicted value and returned to normal 
vithin a few hours after the blood 

igar had returned to normal. 

AvirAMINosis. Lengthening of the 

JT interval in avitaminosis has been 
corded by Feil** and Weiss and Wil- 
ins®*’ and Gelfand and Bellet*® in asso- 
ation with deficiency of vitamin B,. 
his prolongation is rarely marked in 
gree. In this series 3 cases of “beri- 
ri heart” demonstrated this finding. 
hese changes were reversible in char- 
ter and returned to normal as the 
ndition improved. 

Quinipine. That the QT interval may 

prolonged by quinidine administra- 

m has been noted by many obser- 

rs1#59.64 Tt is a rather common ex- 
rience to observe this finding in pa- 
nts with normal sinus rhythm who 

maintained on full doses of the 
g. Indeed, this is an early and signi- 
int indication of quinidine action. 
prolongation parallels rather close- 
e degree of quinidine effect. This 


} 


series comprised 8 patients with signi- 
ficant prolongation resulting from 
quinidine administration. Following 
cessation of quinidine administration 
the QT segment rapidly returned to 
normal. 

Unknown In 6 patients 
the etiology was classified as “un- 
known” because these patients ex- 
hibited none of the clinical or labora- 
tory criteria which would have placed 
them in the groups mentioned in Table 
1. Future studies may make it possible 
to place them in their proper categories. 

Discussion. THe NormMat QT 
vAL. The QT interval of the electro- 
cardiogram, the segment from the be- 
ginning of the Q to the end of the T 
wave, has been considered to be the 
best measure of electrical systole. This 
value approximates fairly well the 
length of mechanical systole when the 
(QT segment presents a normal or al- 
most normal value. When the QT seg- 
ment is considerably prolonged, me- 
chanical systole is normal or even 
shorter than normal. When the QT 
interval is abnormally short, mechan- 
ical systole is usually normal***". 

The QT interval at a given rate in a 
normal electrocardiogram has a fairly 
constant value. It is longer with slower 
rates and relatively shorter with faster 
rates. Bazett*? (1920) established a for- 
mula for the calculation of electrical 
systole (QT): s == K ve where s 
= length of systole (QT interval), c 

evcle length, and K a constant; 
this constant is 0.37 for men and 0.40 
for women. Other 
basing their results on studies of a ser- 
ies of normals, have established for- 
mulas that give values similar to, or 
that deviate only slightly from, those 
of Bazett’s. 

Recently Taran and (1947 ) 
using Bazett’s formula, preferred to call 
the K of the QT corrected for rats, the 
QT... In 80.9% of 117 normal tracings 


| 
ke 
| 
‘ 


varied trom 0.38 to 0.42 sec 
The QT 
pared with the predicted OT. to deter- 


the 
onds*” in question is com 
mine whether it is within the normal 
range or prolonged. To facilitate QT 
segment measurement a nomogram has 
been prepared by several observers'® 
THe anp THE QU SeGMENT. In 
many electrocardiograms the length of 
the QT interval is difficult to determine 
because of a U wave superimposed on 
the terminal portion of the T wave. In 
other instances a prominent U wave is 
Sé parated from the T wave by a very 
short interval. Prominent U waves were 
10% 
cases with hypopotassemia' 


likely to 


and are of higher amplitude in the 


observed by one of the authors in 
of the 

are much more occul 
group accompanied by alkalosis. Two 
types of electrocardiographic altera- 
tions in these patients were observed 
in the QT or QU interval: 1 
tion of the QT interval proper (this was 


prolonga- 
observed in most of the cases; 2) a rela- 
tively normal, or slightly prolonged, QT 
interval followed by 
wave 


a prominent U 
observed in a small group of 
Nahum and Hoff** 


physiologists**** are of the opinion that 


cases and other 
the U wave should be considered part 
of the electrical systole. In the presence 
of a prominent U wave associated with 
hypopotassemia it is the authors’ feel- 
ing that the U 
ered a part of the OT segment ( elec- 
trical 


wave should be consid- 
systole) for the following rea- 
sons: 1) Consecutive cycles show pro- 
longation of the QT segment in one 
evcle and a normal QT followed by a 
U wave in the next cycle. The OT and 
OU lengths in these cycles were iden- 
tical. This sequence of events was ob- 
served in 4 cases. 2) Following potas- 
patient in 
whom a prominent U wave with a nor- 
mal OT was present, the U wave dis- 
appeared with little change in the T 
wave proper. The resultant effect was 


sium administration to a 
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similar to that observed on a prolonged 
(OT interval’. 

From the above evidence as well as 
the 
appears that in hypopotassemia the Q1 
Ol Ol 


changeably for diagnostic purposes as 


data observed in these cases, it 


interval mav be used _ inte 


a measure of electrical systole 


Causes OF LENGTHENING OF THE (1 
INTERVAL. The clinical conditions asso 
ciated with QT prolongation are classi- 
with various 


Fable 1: 1 


+ 


fied under 6 headings 


subdivisions ) as noted in 


electrolyte disturbances mvocal 


dial abnormality and/or disease, 3) con 


ditions associated .with myocardial 


anoxia, 4) combined tactors, 5) drugs 
6) unknown etiology 
ot the than 


Was appare ntly operative in 


In some patie nts more 
one tactor 
the OT segment prolonga 
(subdivision 4 in Table 1 Phe 
that the classification 


given above may be helpful in a 


producing 
tion 
authors believe 
SVS 
tematic approach to the cause of these 
electrocardiographic changes. As know! 
edge of this subject increases, such a 
table may become more simplified 

The cardiac findings of hypocalce 


and hy popotassemia” 
263 have been discussed ae 
detail in recent papers and will there 
fore not be mentioned further in thi 
report. 

ELECTROCARDIOGRAPHI 


MULTIPLI 


EFFECTS OI 
ALTERATIONS 
In most of the clinical states associate: 


ELECTROLYTI 


with electrolyte imbalance, multip! 
electrolyte disturbances. both int 
cellular and extracellular. are present 


The electrocardiographic effects asst 


ciated with alterations in serum ca 
cium and potassium are fairly clearcu 
Abnormal values of serum magnesiui 
have been shown experimentally a 
occasionally in clinical states to modit 
the QT segment® alter 


tions in this electrolyte have been litt 


However 


studied up to the present time. TI 
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combination ot the 


QT PROLONGATION IN 


electrocardio- 
graphic effects of hypocalcemia and 
hypopotass mia has been discussed 
thove 
In patients with fluid loss due to 
omiting there is usually observed a 
high CO. blood content, hypochlore- 
ia, hypophosphatemia, occasionally 
hyponatremia, and frequently —azo- 
temia. The decrease in serum phos- 
phate usually parallels the decrease in 
rum potassium. This has been ob- 
served by the authors in vomiting 
states and following treatment of dia- 
hetic acidosis. In azotemia a reciprocal 
relationship exists between — serum 
phosphate and serum calcium. As far 
the authors are aware, alterations 
n sodium chloride and phosphates do 
ot per se produce electrocardiographic 
Iterations. However profound altera- 
ons in these electrolytes may indirectly 
roduce electrocardiographic changes 
vv affecting serum potassium and, to 
lesser degree, serum calcium. 
\lterations in pH apparently have a 
msiderable effect on serum potassium; 
Ikalosis is usually associated with 
vpopotassemia and acidosis with hy- 
rpotassemia. 
Darrow?! has shown that in alkalosis 
ccompanving vomiting states associat- 
| with normal renal function the mus- 
potassium varies inversely with the 
rum bic arbonate and the intr: acellul: ir 
dium varies directly with the serum 
irbonate The 
lium chloride results in an increased 
cretion of potassium, particularly in 
hvdration states accompanie ‘d= by 


administration — of 


popotassemia. The sodium ion enters 

cell and tends to replace potassium. 
The foregoing represent a few ex- 
ples of combined electrolyte altera- 
ns. The various combinations that 
st in different disease states may 
ctly or indirectly affect the electro- 
diogram 


rHE ELECTROCARDIOGRAM 240 


MyocarpiAL Disease. The cause of 
QT segment prolongation in patients 
with myocardial disease associated 
with hypertension and myoc: arditis re- 
mains obscure. In patients with coro- 
nary arteriosclerosis myoc ‘rardial anoxia 
may be a factor. It is difficult to under- 
stand why such changes, if due to se- 
vere myocardial damage, are not ob- 
served more frequently and with more 
uniformity. Berliner!’ observed 24 of 
54 patients with myocardial disease 
associated with hypertension who 
showed QT prolongation. Meakens™ 
and Fenn** have also observed QT pro- 
longation in hypertension and Feil and 
Katz*" observed prolongation of me- 
chanical systole in 1/3 of cardiac pa- 
tients without failure. Fredericia*® 
(1921) observed QT lengthening in 
patients with myocardial disease, es- 
pecially those with mitral and aortic 
disease. He considered its presence as 
evidence of myocardial weakness. 
Cheer'® (1930) found the QT interval 
to be prolonged in 155 patients with 
heart failure prior to treatment. Behr‘ 

(1934) observed OT prolongation in 
art damage accompanying malignant 
diphtheria. Taran and Szilagyi®® and 
ethers have reported the frequent oc- 
currence of QT prolongation during 
rheumatic activity. In such cases it is 
probably the result of rheumatic myo- 
carditis. The prolongation was not a 
function of the heart rate but was re- 
lated to the severity of the disease and 
did not return to normal until long 
after other diagnostic signs gave no 
evidence of activity. 

MyocarpraL Anoxta. The effects of 
myocardial anoxia on the QT interval 
are shown in Figs. 4 and 5. QT pro- 
longation following mvocardial infarc- 
tion has been recorded by several au- 
They point out that this 
prolongation is more apt to occur in 
massive infarction. It is difficult to see, 


Mudge5? and others have observed hypopotassemia in association with acidosis. The 


rs have also observed this association. 
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however, why QT prolongation is only 
occasionally observed in the presence 
of infarction and is frequently absent 
in extensive intarcts. In pulmonary em- 
bolism varying degrees of anoxia are 
present due to the diminished pulmo- 
nary capillary field and the right ven- 
the 
marked degrees of QT prolongation 


tricular strain. Some of most 
have been observed in this state. The 
severe grade of anoxia in dying hearts 
explains the marked QT prolongation 
observed in such patients. The effect of 
anoxia in producing QT segment pro- 


longation in a patient emerging from 


a Stokes-Adams seizure is well illus- 
trated in Fig. 5. Rothchild and Kis- 


observed 


OT 
anoxia in experimentation on the hu- 


prolongation — in 
man subject. The cause for QT pro- 
longation in the presence of anoxia has 
definitely Re- 


Fenn have 


not heen established 


cently and Gerschman* 


shown a loss of potassium during 


anoxia in nerve tissue. A similar mech- 
anism may be operative in muscle. 
COMBINED FACTORS. 


ditions several 


In certain con 


factors mav_ influence 


QT segment prolongation. In hypo- 
treat- 


ment of schizophrenia the following 


glycemia produced by_ insulin 
factors may be operative: 
|) Hypopotassemia. This is not nearly 


so marked as is observed in diabetic 


1¢ 


acidosis!:'*.37; the serum potassium rare- 
lv falls below 3.5 to 3.7 mEq./L. In- 
shift of the 


potassium from the serum of the mus- 


sulin action results in a 
cle and liver during the process of gly- 
‘1 9) Anoxia. It has been 
shown that a similarity exists between 


ra 
cogenesis 


hypoglycemia and oxygen deficiency 
produced by inhalation of a gas mix- 
43.45.72 In ad- 
dition, the increased work of the heart 
in hypoglycemia results in varying de- 
coronary insufficiency with 


ture deficient in oxvgen*° 


grees of ' 
anoxia. In avitaminosis, particularly 
the type associated with vitamin B, 
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deficiency (“beriberi heart’), pro- 


found changes occur in the heart mus- 
cle. This has been described by Wenck- 
Weiss 


a well developed case 


ebach* and recently by and 
Wilkins®*. In 
there is observed dilatation of the heart 
chambers, especially of the right heart 
accompanied by congestive — failure 
Histologic study reveals hvydropic de 
generation of the heart muscle. In this 
condition the following factors may be 
operative in producing QT prolonga 
tion: 1) low potassium due to dimin- 
ished intake, 2) 


probably anoxia due to pressure on 


+ 


myocardial disease, 3) 
the muscle fibers by interstitial edema 
the anemia and the increased cardia 
work (high output failure ) which tend 
to produce coronary insufficiency, 4 
the lack of 


vitamin B, and potassium which may 


lack of vitamins, and 5) 


disturb the normal enzymatic processes 
taking place in the heart muscle 
(OUINIDINE. It has long been known 
that quinidine results in lengthening 
of the QT interval®*"* 
an important manifestation of its ac 


Indeed, this is 


tion in patients with a normal sinus 
rhythm. This effect may be observed 
in 15 minutes following the adminis 
tration of O.S 


muscularly. This prolongation may be 


gm. by mouth or intra 
quite marked in patients presenting 
high quinidine concentration the 
plasma. In such instances evidences ol 
its toxic effects also be observe 
(Fig. 6). 

INVESTIGATION OF Cause OF OT Pro 


may 


LONGATION. The underlying etiology o 
OT segment prolongation is frequenth 
easily ascertainable. However, in som 
patients the cause is determined onl 
after considerable methodical invest 
gation. The elucidation of the unde: 
lying cause requires a careful histor 
clinical examination, and laboratory ii 
vestigation. The following points a1 
important: a history of fluid loss | 
vomiting or diarrhea, inanition, pare 
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6.—QT prolongation resulting from quinidine administration. E. B., a female, age 45, was 


ct to attacks of ventricular tachycardia and ventricular flutter which were treated during 


attacks and prophylactically with quinidine. 


\fter 10 grains of quinidine had been given every 2 hours for 2 days. Note marked QT 
prolongation, 90% above predicted normal. 


Four days after quinidine was stopped. Note shortening of the QT interval with upright 
[ waves in leads I and II and in the precordial leads. 


| 
t 
a 
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teral administration of fluid without oral 
administration of food, use of adreno- 
cortical extracts, and treatment of dia- 
betic acidosis are suggestive of hypo- 
potassemia. The suspicion may be con- 
firmed by the electrocardiogram, by 
chemical findings, and the return of the 
electrocardiogram to normal following 
the administration of potassium. 

When alkalosis associated with fluid 
loss due to vomiting was present the 
following alterations were observed in 
the T wave and QT segment": 1) ST 
depression of varying grades (Pattern 
1), 2) normal or increased T wave am- 
plitude with QT prolongation (Pattern 
111), 3) prominent U waves associated 
with OT or QU prolongation (Fig. 1). 
(Patterns IV and V). During emer- 
gence from diabetic acidosis the pres- 
ence of varying tvpes of T wave inver- 
sion accompanied by OT prolongation 
was the pattern most frequently en- 
countered (Pattern IT). 

The presence of etiologic factors 
known to cause hypocalcemia and the 
presence of tetany suggest that this 
cation may be causative. Such a diag- 
nosis may be confirmed by the electro- 
cardiogram and estimation of serum 
calcium and disappearance of symp- 
toms and alterations in the electrocar- 
diogram following administration of 
this electrolvte. In the presence of 
hypertension. myocardial infarction 
and pulmonary embolism, the QT seg- 
ment prolongation was observed in 
addition to the characteristic pattern 
of these states. Although the electro- 
cardiogram is of help in raising a sus- 
picion of the cause of the QT segment 
prolongation, the final diagnosis can be 
established only by the history and the 
clinical and chemical findings. 

Summary. The report consists of a 
study of 168 patients representing QT 


segment prolongation due to various 
etiologies. The etiology of the QT pro- 
longation was determined from the his- 
tory, clinical examination, and various 
studies including chemical estimations 
of electrolytes. In the latter group re- 
turn to normal of the QT interval, as 
well as T wave changes, was observed 
following the administration of the spe 


cific deficient electrolyte. 


The presence of QT segment prolon- 


gation in the electrocardiogram is 


sign of considerable diagnostic impor- 
tance; this finding is associated with 
varving degrees of myocardial de 
rangement and disease; a return to 
normal occurs when the mvocardial 


abnormality is corrected. 


As a result of this study the authors 
have classified the clinical conditions 
associated with QT prolongation under 
the following headings: 1) electrolyte 
disturbances, 2) myocardial abnormal 
itv and/or disease, 3) conditions asso 
ciated with mvocardial anoxia, 4) com 
bined factors, 5) drugs, and 6) un 


known etiology. 


QT segment prolongation together 
with characteristic ST and T wav 
changes is an important diagnostic cri 
terion of diminution in the serum cal 
cium and potassium. The administra 
tion of these electrolvtes with electro 


cardiographic guidance is of consider 


able practical importance in the trea 
ment of these electrolyte deficiencies 
The presence of QT segment pri 
longation as evidence of myocardial a 
teration was observed in hypertensio 
hypoglycemia, avitaminosis, and var 
ing types of inflammatory disease 
the heart muscle. Its association wit 
varving degrees of myocardial ano» 
and quinidine administration is d 


cussed. 
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Pik THROMBIN-INHIBITORY EFFECT OF CERTAIN 


LHROMBOPLASTIN PREPARATIONS® 


By Rosert C. MANN, 


BALTIMORE 


| thie 


Division of Clinical Microscopy 


MAKYLAND 


Department of Medicine, the 


Johns Hopkins University and Hospital 


lin phenomenon of blood coagula- 
tion involyes a complex series of reac- 
Ol Yet 
fect of 


little 


in assessing the over-all et 
rious substances upon clot- 
ittention has been paid to 
hie possibility that a given substance 
olit have the 


Tissue 


opposite eflects on 


eral stages of coagulation. 
tracts are rec ognized as having clot- 
celerating properties. However, Maw- 
that 


istin preparations have slight inhibi- 


observed thrombo- 


some 
rv action on the clotting of fibrinogen 
thrombin. In the experiments to be 
escribed it was shown that thrombo- 
istin, preparations from a number of 
uirces appeared to have thrombin—-in- 
bitor, properties. 


Materials and Methods. Bovine thrombint 
d in barbital buffer and diluted 
priate concentrations. Dried bovine 
n clottable was dissolved in 
tal buffer to a concentration of 1%. Pro- 
nbin-deficient plasma was prepared by 
king oxalated human plasma with approxi- 
lv 1/5 its volume of powdered barium 
te and incubating at 37° C. for 10 
The barium sulfate was then re- 
1- by 2 successive centrifugations. The 
pernat int fluid was used as a source ot 
en in some of the experiments. Barbi- 
fler w prepared from the following 


substances: sodium diethylbarbiturate 2.06 
diethylbarbituric id 2.76 sodium 
and sufficient triple dis 
total 


solution th 


chloride 7.3 gm., 
tilled water to bring the 
liter. To facilitat 
heated gently without boiling. The pH value 


volume to | 


muisture Was 


of this solution was 7.5 0.1. Protamine®® 
1% was serially diluted with barbital butte: 
to the desired concentrations. 


Brain thromboplastin was prepared from 
the acetone-extracted brain tissue of dogs and 
rabbits by the method of Brambel!. In some 
instances the suspensions were centrifuged at 
11,000 revolutions per Servall 
angle centrifuge for 10 minutes to reduce the 
umount of partic ulate matter. The supernatant 
material was only slightly opalescent. By cen- 
trifugation the amount of brain solids in the 
supernate was reduced from about 50 to 10 
Several of the 
centrifuged specimens of brain thromboplastin 
were dialyzed for 24 hours in l-inch No-jax 
cellophane sausage 


minute in a 


mg. per cc. of suspension. 


casings against repeated 
changes of 0.85% saline solution. 

Crude aqueous beef lung thromboplastin 
was prepared by the method of Ware and 
Seegers’. The resulting suspension was centri- 
fuged at 11,000 rpm for 30 The 
sediment was homogenized in a Potter— 
Elvehjem type of homogenizer and resuspend- 
0.85% solution to about % the 
original volume of the crude material. Both 
the supernatant fluid and the resuspended 
sediment were used in the experiments. 

Rabbit lung thromboplastint + was prepared 
by crushing the 50 mg. tablet in 2.5 cc. of 
C. for 10 


minutes. 


ed in saline 


0.85% saline solution, heating at 57 


This investigation was supported by a research grant from the National Institutes of 


th, U. S. Public Health Service. 

Postdoctorate Fellow, U. S. Public Health Service. 

Obtained through the courtesy of the Upjohn Company, Kalamazoo, Michigan. 

This material was kindly supplied by Dr. Walter H. Seegers, Department of Physiology 


Pharmacology, Wayne University College of Medicine, Detroit, Mich. 
* Protamine was kindly supplied by Eli Lilly & Co., Indianapolis. 
lhese commercial thromboplastin preparations (Thromboplastin-Chilcott, or rabbit lung, 


Simplastin, or lung and brain solution) were kindly supplied by Dr. William T. 


Strauss 


Chilcott Laboratories, Division of the Maltine Company, Morris Plains, New Jersey. 
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minutes, and centrifuging at 1700 rpm for 4 
minutes to remove the grossly particulate 
material. Lung and brain solutiont was pre- 
pared by dissolving the contents of 1 vial in 
t ce. of distilled water 

Che time for the clotting of fibrinogen by 
the addition of thrombin in the presence of 
various test substances was determined in the 
following manner: to 0.2 ce. of fibrinogen sol 
ution were added 0.2 cc. of buffer or of the 
thromboplastin preparations to be tested 


rABLE 1.—THE EFFECT OF RA 


ON THE THROMBIN-F 


Clotting Times of Thrombin-Fibrinogen f hich 
0.2 ce. of the Following Hare Been Added 


f oncentration Rabbit Brain Thromboplastin Barbital 
Thrombin B ff 

28 26 2) 21 17 IS 
13 38 33 28 


lo 0.2 ce. of fibrinogen solution were 


thromboplastin dilutions noted above 
were added to the mixture and the time necessary for clot formation was noted 


PABLE THE EFFECT OF RABBIT BRAIN THROMBOPLASTIN 


ON THE CLOTTING OF 


(‘lotting Times of Mixtures of Thrombin and Oxalated Plasma t 


Whic h OL. 2 


Rabbit Brain 7 hromboplastin 


( oncentratien 


Thrombin Undiluted 1:2 
Solution pl pl 
22 25 
20 77 17 


lo 0.2 ce. of barium sulfate-treated human plasma were added 0.2 cc. of buffer or of 
the various dilutions of thromboplastin as noted above. Finally 0.2 cc. of thrombin solution 


were added to the mixture, and the time ne« 


These were mixed by gentle agitation and 
placed in a water bath at 37° C. Several 
minutes later 0.2 cc. of thrombin solution 
were added, and the time necessary for clot 
formation was noted. The appearance of the 
first fibrin threads was recorded as the end 
point. All determinations were repeated at 
least once, and the average of the readings 
Was recorded. 

One-stage prothrombin times were carried 
out on oxalated human plasma by the method 


+t See Footnotett, p- 280. 
* The author is indebted to Mrs. Florence 


the calcium determinations. 


IN-INHIBITORY EFFECT 


of Quick, using the various thromboplastin 
preparations described. Since the lung and 
brain preparations contain calcium chloride 
0.1 ec. of oxalated plasma was added to 0.2 
ce. of lung and brain solution, and the tin 
necessary for clot formation was noted 
tests were carried out in duplicate at 57° ¢ 
Calcium levels were determined by a ¢ lark 
Collip modification of the Kramer and ‘Tisdall 
method.® Determinations of — the pit values 
of the various solutions used were carried 


BBIT BRAIN THROMBOPLASTIN 
IBRINOGEN REACTION 


added 0.2 ce. of buffer or of the various 
Finally 0.2 ce. of thromban solution 


PLASMA BY THROMBIN 


of the Following Hlare Bes n Added 


BR wb ! 
1:5 1:10 Buffer 
pH pH > 4 pH 
22 
38 35 


‘essary for clot formation recorded 


out, using a Beckman laboratory model G p! 


meter 


Results. THe Errecr or VaAriot 


THROMBOPLASTIN PREPARATIONS ON TH 
[HROMBIN—FIBRINOGEN REACTION. Mo 
of the thromboplastin — preparatio 
tested showed a definite retarding i 


Huence on the conversion of fibrinog: 


White of the Clinical Chemical Laboratory 


HARTMANN: 


to fibrin by thrombin. Table 1 shows 
that this thrombin-inhibitorv — effect 
could be detected at a 1:10 dilution of 
the original rabbit brain preparation. 
lable 2 demonstrates that the throm- 
bin-inhibitory phenomenon was present 
when plasma was substituted for fi- 
brinogen solution. Usually the throm- 
bin-inhibitory activity was detectable 
when the final concentration of throm- 
bin was about 0.7 unit per ce. How- 
ever, when more concentrated throm- 
bin solution was used, the effect was 
not apparent (Table 2). Similar results 
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preparation lacked this property and 
even appeared to accelerate the throm- 
bin-fibrinogen reaction (Table 4). It 
seems quite possible that the calcium 
content of the lung and brain prepara- 
tion accounted for this accelerating ef- 
fect on the reaction. 

The thromboplastic activity of the 
various preparations as tested against 
human plasma did not appear to be re- 
lated to the degree of thrombin-in- 
hibitory activity. The sedimentable 
thromboplastin preparation of beef 
lung lacked thrombin-inhibitory effect 


PABLE 8. A COMPARISON OF THE THROMBIN-INHIBITORY AND THROMBO- 


PLASTIC 


CTIVITIES OF BEEF LUNG THROMBOPLASTIN 


Beef Lung Thromboplastin Preparations Buffer 


B ( 
NOC vee 
Clotting time of throm 
hbin-fibrinogen mixtures Of 25 26 
One-stage prothrombin 
time on human plasma 39 2:35 
i Crude beef tung thromboplastin suspension 


B Supernatant fluid after centrifugation of the crude extract at 11,000 


rpm for 30 minutes 


( Sediment obtained after centrifugation. This material was homog- 


enized and reconstituted with 0.85 ‘ 
of the crude preparation 


_ saline solution to 3? the original volume 


To 02 cc. of fibrinogen solution were added 0.2 cc. of buffer or of the 
arious thromboplastin preparations noted above. Finally 0.2 ce. of a 
thrombin solution containing 2.0 units per cc. were added to the mixture 
and the time necessary for clot formation noted. One-stage prothrombin 
times were determined on normal human plasma using the various thrombo- 


plastin preparations described 


vere obtained when fibrinogen solu- 
m1 Was substituted for plasma. 
Studies with beef lung thrombo- 
astin showed that the crude aqueous 
‘tract and the supernate after cen- 
ifugation had thrombin-inhibitory ac- 
vitvy (Table 3). However, the sedi- 
entable material lacked the thrombin- 
hibitory property. The sedimentable 
iterial from brain thromboplastins 
ewise had little or no thrombin-in- 
itory activity. 
\lthough both dog brain and rabbit 
g thromboplastin had thrombin-in- 
itory activity, the lung and brain 


and at the same time had greater 
thromboplastic activity than the other 
beef lung preparations (Table 3). On 
the other hand, rabbit lung thrombo- 
plastin had both more thrombin-inhi- 
bitory and thromboplastic activity than 
rabbit or dog brain extracts (Table 4) 
Thus there appeared to be no consist- 
ent relationship between thrombin-in- 
hibitory and thromboplastic activities. 

NATURE OF THE THROMBIN-INHIBI- 
rorY Activiry OF —THROMBOPLASTIN 
PREPARATIONS. Temperature, pH, salt 
concentration ( in particular calcium 
and oxalate ions), and fibrinogen con- 
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centration and reactivity influence the 


thrombin—fibrinogen reaction appreci- 
ably’. Although it appears obvious that 


were controlled within 


} 
the S¢ 


the 


most ol 
each of ibove experiments, a few 
further consideration. 

It is well known that the pH of the 
the 


fibrinogen reaction with max 


ractors ce Serve 


reaction mixture may _ influence 
thrombin 
imal thrombin activity present in the 
pH 6 to 8. Most of the 


thromboplastin preparations had slight 


range ot 


lv lower pH values than that of the 


barbital buffer even when the latter 


THE 
VARIOUS 


rABLE 4 
PLASTIC AC 


\ COMPARISON OF 
O1 


PHROMBIN-INHIBITORY 


EFFEC! 


Both the brain thromboplastin suspen 
sions and the bufter solution had cal 


cium levels of less than 0.6 mg pel LOO 


ce. This concentration is well below 
the level which materially influence: 
the thrombin—fibrinogen reaction 


Oxalate solutions exert a 


found retarding effect on the 


Way pro 
COnVET 
sion of fibrinogen to fibrin by thrombin 
Since 0 10 molar sodium oy 
alate solution was added to 10 cc. of 
brain thromboplastin suspensions dui 
this factor d 


serves further consideration. Thrombo 


2 ot 


ing their preparation 


AND THROMBO 


PHROMBOPLASTIN PREPARATIONS 


| Mi r 
The n Pre j 
iB Dog Bra / 
( tting time of thron 
hbrinogen mixture 
Onie-stage prothrombir 
human plasm ( 
MI ) 
n PP j 
Dog B Lu } 
Clotting time of thron 
One-stage prothrombin 
ime on human plasm: $0 x) 
Phe methods used here vere deseribed the previous table 
ection om mie thods Thrombin solution had a « ntrat ) 


was used as a diluent in the pr para 
tion of the thromboplastin from the 
dried state (Table 2). However, this 


difference 
the range of maximal activity of throm 
bin. Experiments in which pH values 
were controlled demonstrated that the 
could not 


thrombin-inhibitorv activity 


be accounted for by differences in pH 


value 

The calcium ion concentration is 
known to influence the rate of the 
thrombin—fibrinogen reaction®. How- 


ever, this effect is rather slight over 


wide ranges of calcium concentration. 


was slight and well within ‘ 


plastin prepared without the addition 
of oxalate solution was likewise thron 
bin-inhibitory. When 0.2 ce. of a 1/1 
molar solution of sodium oxalate wa 
added to 10 ce. of barbital buffer an 
the 
to a thrombin—-fibrinogen mixture. th 
thrombin—fibrinogen reaction was 


resulting solution was 


retarded. 


The thrombin-inhibitory — effect 
mained after thromboplastin susp. 
sions were heated in a water bath 
LOO C. for 30 minutes, dialyz 


against frequent changes of 0.85% salir 
solution, or repeatedly extracted wit 


@ 
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ther. Freezing and subsequent thaw 


io of thromboplastin did not alter this 
Seitz filtration 


panied bv a complete loss of thrombin- 


prope rty. Was accom- 


nhibitory as well as thromboplastic 
tivity 

Incubation of thrombin or fibrinogen 
©. for 20 
did not lead to greater retarda- 


vith thromboplastin at 37 
ninutes 
tion of the thrombin—fibrinogen reaction 
han was observed prior to incubation. 
Pheretore, it that neither 
lid the preparations 
rogressively destroy thrombin nor did 


SCeCTHS likely 
thromboplastin 


they greatly alter the reactivity of fi- 
nogen. It ippears more probable that 


EFFECT Ol 
INTE BEPORY ACTIVITY 


/ Thrombi 


Ol 


/ (ontaining thre Following 


romboplastin suspensions interfered 
th the the thrombin 


oOrimovgen 


mec hanics ot 
reaction in some manner as 
et une xp! Lined. 

PROTAMINE TrrraTtions. Studies were 
ried out to determine if heparin or a 
( parin like compound could account 
x the thrombin-inhibitory effect of 
romboplastin preparations. The addi- 
0.2 ec. of barbital buffer con- 


q ining 0.1 unit of heparin® per cc. to 


mn oft 


thrombin—fibrinogen mixture tripled 
clotting time. This finding suggested 
it heparin co-factor® was present in 
mixture, and that heparin could 
ert an effect in this clotcing system. 


THROMBIN-INHIBITORY 


PROVPAMINE SULEBAPE ON 
RABBIT 


ibrinogen Virtures to Which 
Been 


{ of Protamine 
rer 
Ned 
the section on methods. The 


the addition of protamine significantly 
counteract the thrombin-inhibitory ac- 
tivity of thromboplastin preparations. 
Thus no evidence was found that hepa- 
rin or a heparin-like compound was in- 
volved. Protamine reduced the 
thrombin—fibrinogen clotting time when 
the former was present in relatively 
great concentration, an observation pre- 


alone 


viously made by Ferguson*. Similar re- 
sults were obtained when plasma was 
substituted for fibrinogen solution and 
when toluidine blue+ was used as the 
antiheparin compound. 

Discussion. The rate at which fibrin- 
ogen is clotted by thrombin is subject 


THROMBIN 


BRAIN THROMBOPLASTIN 


of the Follou mg 
tdded 
Buffer Containing the Follou ing {mounts 


ol rotamine 


mg. per ce 

0.1 O.05 0.0] O.005 0 
9 18 22 22 22 


fibrinogen clotting times were determined as outlined in the previous 


thrombin solution had a concentration of 2.0 


to the influence of a number of factors 
including temperature, pH, ionic con- 
centrations, and fibrinogen concentra- 
tion and reactivity. In addition it was 
found that certain thromboplastin pre- 
parations had thrombin-inhibitory ac- 
tivitv. Owren® was unable to demon- 
strate any influence of thromboplastin 
on the thrombin—fibrinogen reaction 
with the concentration of reagents he 
However, the concentration of 
thrombin he used was greater than that 


used. 


in the experiments recorded here. With 
more concentrated thrombin solutions 
no thrombin-inhibitory effect could be 


: ble 5 shows that in no instance did demonstrated. 
i ®* Heparin sodium was kindly supplied by the Upjohn Company, Kalamazoo, Michigan. 


it oluidine blue, special batch No. 2, serial E-1204, Abbott Laboratories. 


J | 
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The precise nature of the thrombin- 
inhibitory activity of thrombo- 
plastin preparations remains unknown. 
Whether this is due to thromboplastin 


some 


itself or some other substance present 
in the preparation is not known. The 
finding that the sedimentable material 
of thromboplastin suspensions was not 
but still 
tently thromboplastic suggests that the 


thrombin-inhibitory Was po 
thrombin-inhibitory property is not due 
to thromboplastin itself. The substance 
which determines the thrombin-inhibi 
tory activity appears to be non-dialyz- 
able, heat-stable (100° C. 
not extractable with ether, and 
not filterable through a Seitz filter. This 


suggests that the responsible substance 


tor 30 min 


utes), 


mav be a large molecule. 

Che finding that some thromboplastin 
preparations have thrombin-inhibitory 
activity may be of significance in rela 


THROMBIN-INHEBITORY 


tion to the reliability of certain labora 
ot 
thrombin concentration. This thrombin 


tory. tests for the estimation pro 


inhibitory effect may play a role in the 


discrepancies noted in prothrombin 


estimations using different) thrombo 
plastins®. 

Summary. 1. Certain thromboplastin 
to 


activitv. Some ob 


preparations were found have 
thrombin-inhibitory 
servations on the nature of this activity 


are given. 


2. When the concentration of the 
thrombin used was increased sufficient 
lv, the thrombin-inhibitory effect was 


not detectable. 

3. The possible relationship of this 
to the re 
liability of certain laboratory tests for 


thrombin-inhibitory activity 


the estimation of prothrombin concen 
tration is mentioned 
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STUDIES ON CHLORAMPHENICOL IN THE TREATMENT 


OF TYPHOID FEVER® 


Pepro T. 


CAMBOA, 


LANTIN, M.D., D.T.M. 


M.D. 


AND 


Sapna, M.D 


MANILA 


thr 


PHILIPPINES 


Section of Enteric Diseases, Public Health Research Laboratories, Department of 


Health, Philippines; Manila Central University; and University of Sto. Tomas) 


Whi tvphoid fever is today practi- 


cally unknown in most progressive 
still endemic in the 
Philippines. There are several important 


reasons to account for this unfortunate 


countries, it 1s 


situation, but, of the most pertinent, we 
mav mention the lack of a fullv devel- 
oped system of public sanitation, our 
living, 
the general poverty of the masses, and 


relatively lower standards of 
the undeveloped natural resources. All 
these conditions have been made much 
the the last 


war. Present economic difficulties make 


worse by vicissitudes of 


the correction of these deficiencies a 
program for the future. 

With the above unfavorable picture 
but that those 
vho are interested public health 


work the 


idvent of chloramphenicol, for it bids 


in mind, it is natural 


welcome with enthusiasm 
fair to help solve some of the problems 
n typhoid fever. The writers, there- 
tore, have engaged in a series of studies 
on chloramphenicol (chloromycetin ) 
therapy, in the hope that, if their re- 
sults are favorable, the co-operation of 
thers in the medical profession may 
© invited to undertake serious studies 
the application of this important 
intibiotic in cases of typhoid fever in 
he Islands. 


Method. Fifty-five cases of typhoid fever, 
selected for their approximately equal degree 
of severity, and because of an almost identical 
average duration of illness before treatment 
was started, were used in this study. 

Kitty of (90.90% ) 
the charity wards of the San Lazaro Hospital, 
Manila. and the remaining five (9.10%) were 
private patients of the senior author. Twenty 


these cases came trom 


four patients (45.27%) were males and 51 
(56.739) were females. The age incidence is 
as follows 
TABLE 1 AGE INCIDENCE IN 355 
CASES OF TYPHOID FEVER 
lyex, years (‘ases 
S 
16 20 
21.25 8 
260-50 12 
31-35 7 
36 40 6 
45 0 
O0 1 
To Al 


Clinical diagnosis was in every case con- 
firmed by blood cultures positive for S. 
typhosa. Thirty-one cases (including the 5 
private patients), or 56.73%, were subjected 
to chloramphenicol therapy, while the remain- 
ing 24 (43.27%) were used as control cases 
and treated symptomatically with the usual 
well-known supportive measures. 

Following bacteriological confirmation of 
the diagnosis, treatment was begun by giving 
chloramphenicol orally in initial doses vary- 


® Partially eed from funds of the United States Public Health Service, Philippines 
iabilitation Programs, Brig. Gen. Howard F. Smith in charge. 
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> gm., estimated on the ap 


body weight, and followed 

O.25 gm repr ated every 

| rs during the febril period 

Upon subsidence of — the temperature th 
se was gradually reduced by lengthening 
thie tervals of the administration for 
im avera ot ipproximately week, counting 
tro tl last dav of the fever ifebril pr 


Results. In ow chloramphenicol 
treated cases, the average number of 
davs of the fever from the onset of 
treatment (febrile period) was 4.48 
the extremes being 2 and 8 days), and 
during this period, an average dosage 


t 12.07 om. of chloramphenicol was 


PABLE 2.) CHLORAMPHENICOL TREAT 
GRAMS GIVEN TO CASES OF TYPHOID 


STUDIES ON CHLORAMPHENICOL 


afebrile periods of 11.52 davs Fable 


Twenty-three cases (including the 5 
private Cases or 74.19%, of the total 
of 31 cases treated with chlor unph ni 
col) made complete recovery. Eight 
cases (25.81%) ended fatally, death o« 
curring during the febrile period, that 
is, within an average of 2.12 days from 
the beginning of the treatment. If to 
this short period of fever we add _ the 
number of febrile davs before admis 
sion, the average total number of davs 
with fever in these fatal cases was 17 


( nlike the treated cases VW ith recovery 


MENT SHOWING AVERAGE AMOUNT IN 
FEVER WITH POSITIVE BLOOD CULTURES 


SERIES 1949 


1 1 
( n | 
\ 
kel 
( 
Ree 4 12.07 9 OF 
Por, 
Amount given during febrile period of 4.48 da 
Amount given during afebrile period of 7.04 da 
Amount given during febrile and afebrile period of 11 ai 
Amount given during febrile period of 2.12 d 


viven, However, the actual febrile pe 
riod, that is, the number of davs with 
fever during the whole course of the 
ailment, was much longer, as all these 
patients had had elevation of tempera 
ture for many davs before their admis- 
sion to the hospital. This total average 
duration of the fever from onset of the 
disease until subsidence of the temper- 
iture was 16.91 davs, while the average 
total number of days without fever, but 
still under treatment, was 7.04, during 


which period an average dosage of 


1.94 gm. of chloramphenicol was ad- 
ministered. A total dosage of 22.01 gm. 


was given during the febrile and 


none of the fatal cases received treat 
ment after the febril period since 
none of them reached an afebrile p 
riod (Table 3). 

In the control cases the ave! 
ige duration of fever was 36.75 davs 
counted from the day of the onset of 
the disease, as compar d to 16.91 davs 
in the treated cases (Table 4). Ther 
is, therefore, a difference of 19.84 day 
in favor of chloramphenicol therap\ 
In the treated cases that ended fatally 
the average duration of the fever fron 
the onset of the illness to death was 17 
days. The average duration of fev 
under chloramphenicol treatment wa 


= 
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1.48 days tor cases that recovered, and — cases were selected on the basis of their 
) 


12 days for those that ended fatally severity (Table 4). 
Table 3). In chloramphenicol-treated cases, 


In regard to fatality rates, 8 patients, symptoms such as headache and chilli- 
or 25.81% of the 31 treated cases. died. ness gradually subsided with the fever, 
In the control group of 24 cases, there and _ the pulse also improved. In 6 of 
were 12 deaths, or a 50% mortality. these, delirium and mental dullness 
In other words, the fatality rate in the were quite marked before the adminis- 
treated group was % that in the con- tration of chloramphenicol, and_ the 
trols. If one is inclined to regard these — relation of the time of their disappear- 
fatality rates as being unduly high, it ance to duration and dosage is shown 
must be kept in mind that all these in Table 5. 


PABLE 8.) RESULTS OF CHLORAMPHENICOL TREATMENT IN 31 CASES OF TYPHOID 
FEVER WITH POSITIVE BLOOD CULTURE SHOWING AVERAGE DURATION OF 
FEVER BEFORE AND DURING TREATMENT, AND ENTIRE FEBRILE COURSE 
IN DAYS (SERIES 1949 


Number Days with Fever before Days with Fever during Entire Course 
of Rat ministration of {d ministration of of ke reroin 
Res Cases C7 ( hloram phe nicol ( hloram phe nicol Days 
Recovered 23 74.19 12 43 48” 16.91 
Died 25.81 14. 88 2.12 17.00 
100,00 


12.07 gm. were given during this febrile period 
& 18 gm. were given during this febrile period before death 


PABLE 4. RESULTS OF CHLORAMPHENICOL TREATMENT OF 381 CASES OF TYPHOID 
FEVER WITH POSITIVE BLOOD CULTURE COMPARED WITH RESULTS IN 24 CON- 
TROL CASES WITH POSITIVE BLOOD CULTURE (SERIES 1949 


Cases with ¢ hloram phe nicol Control Cases (Routine Treatment 
Treatment without Chloramphenicol) 
Entire Course Number Entire Course 
of Rat of Fever in if Rate of Ferer in 
Result (asses Days Case Days 
Reeovered 25 74.19 1691 12 50.0 36.75* 
Died 8 25.81 17 00 12 50.0 24.167 
Toral 100.00 24 100.00 


* These 12 control cases had an average duration of fever of 12.01 days before admission to hospital 
ind 24.66 days of fever inside hospital, giving a total of 36.75 days. 
These 12 control cases had an average duration of fever of 13.58 days before admission to hospital 
ind 10.58 day s of fever inside hospital before death, giving a total of 24.16 days 


PABLE 5. RELATION OF MENTAL SYMPTOMS TO DOSAGE 


Days after Start {mount Given, 
Cases of Treatment qm. 
l Adm. No. 1581-49 l 5.50 
Adm. No. 891-49 8 10.25 
2 Adm. No. 3895-49 & 
9401-49 13.00 
I Adm. No. 5799-49 6 10.50 
l Adm 16.25 
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Sweating, moderate to severe in 
amount, was observed in 3 cases of 
the treated group. The manner of dis- 
appearance of this symptom in rela- 
tion to duration and dosage was ap- 
proximately as follows: 

In the Ist case, the sweating 
started profusely 1 day after the 
treatment was begun. Starting with 
an initial dose of 2.5 gm., a total of 
5.5 gm. of chloramphenicol was ad- 
ministered through the Ist day. The 
amount of the chloramphenicol was 
reduced to 3 gm. on the 2nd dav; to 
1.5 gm. on the 3rd, 4th, and 5th days; 
and to 1 gm. on the 6th, 7th, and Sth 
day s, with cessation on the 9th day. 
The sweating gradually lessened to 
a slight amount by the Sth day, 
though there was a slight persistence 
until the 29th day. The fever, rang- 
ing from 38 to 40° C., disappeared 
after 2 days of treatment. 

In the 2nd case, the sweating was 
observed in moderate amount on the 
2nd day after treatment was started: 
it gradually lessened in quantity and 
stopped altogether on the 7th day 
Chloramphenicol was started with 
an initial dose of 1.5 gm., a total of 
3 gm. being given by the end of the 
Ist dav. The dosage was then reduced 
to 1.5 gm. daily until the 12th dav 
The fever ranged from 38.4 to 40°C 
and disappeared after the 4th day of 
treatment 

In the 3rd case, the sweating first 
appeared in moderate amount on the 
4th day of treatment after 9.4 gm. of 
chloramphenicol had been received. 
and it gradually lessened and com- 
pletely disappeared at the end of 
the 6th dav. The antibiotic was re- 
duced to 2.5 gm. on the 5th day and 
to 1.5 gm. daily from the 6th to the 
15th days. Fever (with the tempera- 
ture ranging from 38 to 39.8°C.) 
disappeared after 4 days of treat- 
ment. 


LABORATORY EXAMINATION. Cultures 
were made from the blood, urine, and 
feces on all the charity cases both in 
the treated and control groups (31 
treated cases and 24 controls). In all 
these 55 cases, the blood culture was 
positive for S. typhosa before treat 
ment was started. 

Blood cultures were repeated every 
2 days during chloramphenicol treat- 
ment in the febrile period and every 4 
davs during the afebrile period. From 
the 18 charity patients who were 
treated with chloramphenicol and _ re- 
covered, 29 blood, 29 feces, and 20 
urine cultures were made during the 
febrile period of treatment, with uni 
formly negative results for S. typhosa 

During the afebrile period and while 
the patients were still under antibiotic 
treatment, repeated cultures were 
again made from these 18 patients. The 
34 blood cultures were negative for 
S. typhosa, and 23 of 24 feces cultures 
and 31 of 32 urine cultures were also 
negative. 

After discontinuance of the chlor 
amphenicol treatment and subsidence 
of fever, repeated cultures were again 
made from these 18 cases (108 from 
the blood, 108 from the feces, and 86 
from the urine); all were negative for 
S. typhosa. These patients were kept 
in the hospital for an average afebrile 
period of 48.22 davs following therapy 

For obvious economic reasons, lab 
oratory tests could not be made fre- 
quently in the 5 private cases. More- 
over, because of lack of proper facil- 
ities blood levels of chloramphenicol 
could not be determined in anv of the 
cases. 

Comp ications. In the treated cases 
the two principal complications noted 
were 1 instance of intestinal hemor 
rhage and 1 of perforation of the 
vermiform appendix. 

The patient who hemorrhaged was 
treated on the 11th day of the diseas 
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and had a temperature of 40° C. with 


a pulse of 118 per minute; he had 
marked tympanism and complained of 
severe headache. Thirty hours after 
start of therapy, after he had received 
9.75 gm. of chloramphenicol, the pulse 
improved to $5 per minute and the 
tever came down to 38° C. However, 
the temperature rose again to 39.4° C. 
several hours later, the pulse rising to 
120 per minute. Forty-four hours after 
the initial tre — and after having 
received a total of 7.75 gm. of chlor 
amphenicol, the kerr became uncon- 
scious developed cold clammy _ perspi- 
ration, and died 5 hours later. Necropsy 
revealed intestinal hemorrhage, typhoid 
enteritis, ulcerations inthe lower ileum, 
and hypostatic congestion of the lungs. 
Phe patient who developed pertora- 
tion of the vermiform appendix was 
treated on the 21st day of the disease 
and the temperature became normal 
after administration for 3 days of 
chloramphenicol. Three days after sub- 
sidence of the temperature, and while 
still under antibiotic therapy. this pa- 
tient showed symptoms and_ signs of 
peritonitis. On laparatomy. a pertor- 
ited vermiform appendix was found, 
the perforation occurring in one of the 
lvmph nodules. Chloramphenicol was 
continued after the operation, and by 
the end of the 6th dav, a total of 7.75 
om. had been administered. The pa- 
tient died 10 days after his laparatomy. 
Necropsy was refused by the family. 
In the group of control cases, the 
nost important complication observed 
was intestinal hemorrhage. It occurred 
in 8 patients, 6 of whom died. The 
bleeding was the most severe in the 6 
tatal cases. Food was stopped immedi- 


itely and venoclysis of 5% dextrose in 
iormal saline solution was given in- 
tead, and other supportive remedies 
vere prescribed in addition. One of 
he 2 patients who recovered received 
transfusion of 250 cc. of fresh blood. 
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For lack of blood donors only blood 
plasma (250 to 350 ce.) was given in 
the 6 fatal cases. 

Revapses. In the group of 23. pa- 
tients who were treated and recovered, 
7 relapsed, 5 having positive blood cul- 
tures during the relapse. In 6 of these 
7 cases, the relapse occurred on an 
average of 10.66 days after the last ad- 
ministration of the chloramphenicol. In 
the 7th case, however, the relapse took 
place after the 3rd day of the afebrile 
period but with the patient still under 
treatment (Case Adm. No. 6316—49) 
Phis patient had been receiving chlor- 
amphenicol in doses of 0.25 gm. every 
{ hours so that by the end of the 3rd 
day when the relapse occurred, the 
patient had been given a total of 4.5 
gm. of the drug. It was untortunate 
that because of the limited supply of 
the antibiotic chloramphenicol could 
not be given to these patients during 
their relapse. 

Smadel, Woodward, and Bailey! re- 
ported relapse in 7 cases out of 13. In 
this group, the initial course of the 
drug was given for 8 days or less, the 
average duration of the therapy being 
6.9 days. No relapses were reported in 
2 other groups wherein the average 
amount of the drug given was larger 
and was given over longer periods. 
These writers conclude, therefore, that 
relapses may be avoided if the drug is 
given in adequate amounts and for 
periods longer than 8 days. 

Of the 12 cases in our control group 
who recovered, 5 relapsed (41.66%). 
The relapse occurred 9.4 days on an 
average after the temperature had _ be- 
come normal. 

Morrauiry. Of the 31 patients 
treated with chloramphenicol, 8 died 
(25.81%). In the control group of 24 


patients, 12 or 50% died, a difference 


of 24.2% in favor of the treated cases. 
If to the reader the fatality rates ap- 
pear to be unduly high, it should be 


) 
{ 
I 


remembered that these cases were 
uniformly in verv serious condition 
with severe toxemia. In only 3 out ot 
the 8 fatal cases in the treated group 
could permission for autopsy be ob 
tained. Of the 12 control cases result 
ing fatally, autopsy was performed in 
S. The findings were uniformly those 
of typhoid pathology with organisms 
recovered trom intestines and 
spleens 

Discussion. The outstanding effect of 
chloramphenicol treatment in our 
study was the marked reduction in the 
course of the fever, the average dur- 
ation of fever in the treated group be- 
ing 16.91 days, while in the control 
group, the average was 36.75 days, a 
difference of 19.84 days in favor of 
chloramphenicol treatment (Table 4). 

In the studies conducted by Wood- 
ward® et al., of 10 cases treated with 
chloramphenicol, the mean duration of 
the fever in all cases prior to treatment 
was 9.5 davs. In the present group of 23 
cases treated with the antibiotic, the 
mean pretreatment duration of fever 
was 12.43 days. The mean duration of 
the fever after treatment was started 
was 3.5 davs in the former series and 
1.48 davs in the treated group (Table 
> 

In 1949. Woodward? also reported 
another study on 21 cases, the average 
total amount of chloramphenicol given 
being 22.7 gm. per patient over a pe- 
riod of 9.1 davs. To the present group 
of 23 patients treated with chloram- 
phenicol who recovered, an average 
total of 22.01 gm. of the antibiotic was 
given Over an average period of 11.52 
days (Table 2). 

In their series of 10 cases treated 
with chloramphenicol Woodward? and 
co-workers reported 2 cases of serious 
complications (1 of intestinal bleeding 
and 1 of intestinal perforation), both 
occurring during the afebrile period 
and with recovery in both. In the pres- 


200) LANTIN, GAMBOA, SADILI: STUDIES ON CHLORAMPHENICOL 


ent group of 31 treated cases, 2 cases 
had similai complications as noted 
previously. 

In 1949 Woodward: reported the 
occurrence during the afebrile period 
of 2 instances of intestinal hemorrhage 
and of intestinal perforation in a 
group of 21 cases; all 3 recovered. 

In 8S control cases of Woodward 
et al“, 1 died. The average duration of 
the febrile period in their recovered 
cases was 35 days. In the control group 
of 24 patients in the present series, 12 
died, and the average number of 
febrile davs in the recovered cases was 
36.75 (Table 4). 

In the fatal cases of the treated 
group, the duration of the fever from 
onset of treatment to death was 2.12 
days, and the average duration ol 
fever before treatment was begun was 
14.88 days. An average amount of 8.15 
gm. of antibiotic was given during the 
period of 2.12 days of treatment (Table 
3). The duration of the fever of the 
control group was 10.58 days before 
death, and the average duration of 
the fever before admission to the hos- 
pital was 13.58 days (Table 4). How 
can the great difference in the duration 
of the fever in these two groups be 
accounted for? Before this question 
can be answered, it must be empha 
sized again that all these cases were 


severe, especially, ot course, the cases 
that terminated fatally, and this was 
true in both the control and the treated 
groups. One can only wonder whether 
the chloramphenicol in such severe 
cases might not have hastened the fatal 
ending. Although Woodward? stated 
that “there are no reports up to the 
present time of toxic manifestations 
resulting from oral administration of 
chloromycetin,” still we keep asking 
ourselves whether, in very severe cases 
this antibiotic is a hastening factor it 
causing death by increasing the en 
dotoxins liberated in the blood, result 
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ing from the destruction of S. typhosa. 


These results indicate that this anti- 


biotic may be contraindicated in very 


severe toxic cases of typhoid fever. 
Conclusions. Chloramphenicol ther- 
apy is decidedly helpful in the treat- 
ment of typhoid fever. It reduces 
markedly the febrile period and lowers 
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the 
ameliorating the 


while 
disagreeable 
general symptoms accompanying the 
the 


cases, however, the administration of 


decidedly fatality rate, 


other 
fever. In most severely toxic 
chloramphenicol seems to hasten the 


onset of death. 
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PeriopicaLLy, during the past 40 
poliomyelitis virus has been 
found in regional lymph nodes of hu- 
man beings who have succumbed to 
this disease. The efforts made to detect 
poliomyelitis virus in lymphatic tissues 
have 


vears, 


and the number 
ot positive tests have not been consist- 
ent enough to deserve more than pass- 
ing mention. Nevertheless, a review of 
the published studies on the subject 
indicates that although poliomyelitis vi- 
rus can be found only irregularly in re- 
gional lymph nodes, its presence there 
has been frequent enough to stimulate 
interest in regard to several points. 
Questions raised are: Is the virus pres- 
ent in lymph nodes often enough that 
its presence there must be regarded as 
a significant landmark in pathogenesis? 
[f it is important in pathogenesis, what 
are the portals used in the entry of 
virus into regional lymph nodes? 
The authors have repeated some of 
the earlier work*-*:!3.15 jn order to de- 
termine the presence of virus in re- 
gional lymph nodes of human beings 
who have died of poliomyelitis. As 
others had found previously, poliomye- 
litis virus was found in lymphatic tis- 
sues. In this report observations and re- 
sults are reported and discussed in re- 


not been many. 


* Aided by a grant from the 


RABE, 
PROFESSOR OF 


National Foundation for Infantile 


M.D.7 


PEDIATRICS 
KANSAS 


and the Hixon Memorial 


School of Medicine 


gard to certain aspects of the patho 
genesis of human poliomyelitis 


Materials and Methods. 
pati nts 


Ne« ropsies 


performed on Y were completed 


within a period of 2 to 10 hours atter death 


(Table 1). Sterile techniques were followed 
4 midline body incision was made; the skin 
and subcutaneous fat were dissected far 
enough to expose the right and left axillary 


and inguinal areas. The lymph nodes in eacl 
of these quadrants were visualized and sam 
ples containing lymph nodes and adipose tis 


dissected sterile in 


sue were tree Separate 

struments were used in the removal of each 
group of regional lymph nodes to sterik 
waxed cardboard containers. After these nodes 


had been obtained, the peritoneal cavity was 
Mesenteric 
then a 


opened. 
moved first: 
& gm.) was obtained before 
made. Steril 
collection of 
It was not possible to open the calvariun 
with sterile An effort, which wa 
usually satisfactory, to keep th 
dura mater intact. The dura was opened wit] 
sterile scissors. The brain and the upper cervi 


lymph nodes were T¢ 
piece of pancreas 1 t 
other 


instruments 


any 


ination was wert 


used also in the these tissues 
instruments 


Was made 


cal segment of the spinal cord were removed 
Segments of midbrain, medulla, 
cord were placed in sterile containers. 
end of each necropsy, 
at —70° C. until they 
for inoculation into monkeys. 

PREPARATION OF TISSUE ExTRACTs. Eac 
group of regional lymph nodes was prepare: 
in the following way: The 
sected free of surrounding adipose tissu: 
Samples ranged from 0.2 to 2.8 gm. in weigh 


and cervica 
At th 
store: 
prepared late 


all tissues were 
were 


nodes were dis 


Paralysis, Inc. 


+ Present Address: Geisinger Memorial Hospital, Danville, Pennsylvania. 
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Lymph nodes were washed in 3 changes of Results. Pouroxtyeciris Virus in Ri 
sterile distilled water (25 c« Thev were then GIONAL LyutpH Nopes. Poliomvelitis 
triturated in a mortar with pestle using 

virus was found in regional Ivmph 
ilundum as abrasive. Distilled water was used 


» make a final dilution of 1:10. After emulsi 
fication was completed, the extract was centri- 
tuged (2000 revolutions per minute for 10 

iinutes) and the supernatant milky fluid was 
decanted for use in the tests. With the excep 
ion of tissues from one patient, (V. Jell), all 
were bacteria free following inoculation on 


blood agar plates and in thioglycollate broth 
All the lymy node extracts for V. Jell con 
tained itive bacilli The se were 


centrifugation in a Swedisl 


ingle centrifuge (5000 rpm for 30 minutes 


len percent emulsions of central 


svstem and 


nervous 


pancreatic tissues Were prepared 


ilso in distilled water 
PRESENCE OF POLIO 


Vf. mulatta mol 


Tests MADE FOR THEI 


MYELITIS Virus. Rhesus 


| 
kevs were used in the tests. The majority of 


the monkevs had been used previously in 
ests made during a program of typing of 
strains of poliomyelitis viruses, The selection 
t these nkeys was made according to the 


llowing criteria: use in a 
ents where the PD 


tion used 


titration 


was be vond the 


experi 
dilu 
is estimated in a preliminary titra 


tion, and b) in serum-neutralization tests in 


which all monkeys had experienced unk quis 

al clini | protection. Less than half the 
nonkeys in anv 1 of the 2 oroups were s« 
lected for use in the current study the re 
nkevs in the Se two STOUDS Were 
sacrificed and showed no evidence of havir , 
experience | non-paralytic poliomvelitis In a 
number t tests including repeat tests ot ex 
tracts f ind irlier to be either positive o1 
egative w monkevs were used 

Each ke received 0.8 inoculum 


ntracerebrally in the 
0) m ¢ ich side 


nonkeys were 


thalami 
Following inoculation 


observed 


region of the 


dailv for 30 davs 


unless s is indicated in the protoc Is. ther 
were sacrificed earlier. In the first tests. fol- 
lowing us f a new diet, scurvy occurred in 
oe r the ionkevs ind pseudo-par ilvses 


] + 
listorted the Monkeys wer 
ippe wrance ot 


clinical 


sacrificed at 


clinical picture 
time of 


paralyses. Animals surviving 


sacrificed t the 
without 
evidence f poliomyelitis 
the end the 
Segments of 


wert 
30-dav observation period 
medulla, and cervical 
and lumbar segments of spinal cord were 
histologically for the 
poliomyelitis 


midbrain 
lesions of 


examined 


Materials were obtained also from paralyzed 
inimals for establishment of the strain in new 


anim ls 


nodes obtained from 6 of the 9 individ 
uals studied. The positive tests were 
right axillary 
lvmph nodes, positive in 2 individuals 


distributed as follows: 
left axillary lymph nodes. positive in 3 
right inguinal lymph nodes, positive in 

and left inguinal lymph nodes, posi 


MeKin) the 


axillary lymph nodes were pooled; the 


tive in 2. In 1 instance (J. 
inguinal ly mph nodes were pooled also 
detected in 
axillary but not in inguinal nodes ob 
this 
poliomvelitis virus was detected in the 


Poliomvelitis virus was 


tained from boy. summary 
axillary lvmph noc s ot 6 and in the 
inguinal nodes of 4, of the 9 individuals 
studied. In contrast to these peripheral 
lymph nodes, poliomvelitis virus was 
found only once in mesenteric lymph 
nodes. The results of these 


Table 2 


The detection of virus in various re 


tests ap 
pear in 


gional Ilvmph nodes was erratic. Soli 
tarv isolations were made from axillary 
nodes of either the right or left side in 
> patients. In onlv 1 of the 4 individuals 
whose inguinal nodes were positive was 
virus detected bilaterally. In 4 individ 
uals poliomvelitis virus was found in 
both axillarv and inguinal nodes. De 
found in 
Ivmph nodes obtained from 2 patients 
Eber and H. Mab). There 
correlation between the 


virus and the age of the patient dura 


monstrable virus was not 
was 


presence ot 


tion of illness, or size of the lvmpl 
node sample. All of the patients had 
experienced a brief and rapidly fata 
illness. The 2 patients whose node 
negative adult 
Table 1). The time elapsing betwee 
death necropsy 

hours) in these 2 


were were voung 


and was longest 


individuals. In 
of the small number of patients it 
cluded in the study. further discussio 


in regard to significant factors influen 


ioved by further iy 
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ing the availability of poliomyelitis 
virus In lymphatic tissues is not war- 
ranted. The erratic results were prob- 
ably due in part to the recognized 
crudeness of the experimental methods 

Consideration must be given to sev- 
eral factors which could influence the 
results: namely, a) that poliomyelitis 
occurred in some of the monkeys be- 
cause of the earlier inoculation with 
serum—virus mixtures or active polio- 
myelitis virus in titration studies, and 
b) the sacrifice of some of the monkevs 
early in the observation period because 
of scurvy, and prior to a time of ex- 
pected experimental paralvsis. Of 98 old 
monkevs used in these tests, only 2 
on histologic examination had lesions 
which were not acute. Since these ani 
mals experienced a non-paralvtic attack 
Table 2). it was not easv to tell which 
inoculation had infected them. Al 
though included in the data, thev have 
not been considered postive tests 

The occurrence of experimental polio 
mvelitis within the expected incubation 
period (Table 2) and the presence histo- 
logically of acute lesions in the central 
nervous system following inoculation 
with extracts of central nervous svstem 
and lymph nodes in comparison with 
the majority of negative tests with 
pancreatic and mesenteric lymph node 
extracts indicate that the positive tests 
mav be looked upon with reasonable 
confidence of being real isolations. In 
contrast, the monkevs which were sac- 
rificed within 6 to 20 davs after inocula- 
tion on the suspicion of having polio- 
mvelitis, but which were actually ill 
with scorbutic pseudo-paralysis, cannot 
be looked upon as other than negative 
tests. One cannot be certain, however. 
that virus was not actually present in 
the latter lymph node extracts, especi- 
ally in those monkeys sacrificed early 
in the incubation period. . 

Some monkeys mav have become re- 
sistant because of previous inoculation. 
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In view of the negative histologic re 
sults in 80% of the re-inoculated mon 
kevs and the presence of subacute les 
ions in only 2 monkeys (2%), this ap 
pears to be an unlikely event. Another 
aspect of the problem is the possibility 


that specific antibody appeared earl, 


in lvmph and lvmphatic since 


it may be present in blood’®'* of per 
sons, ill with poliomyelitis at. or a few 
davs after, onset of illness. The obse1 
vations that virus can be detected in 
lvmph nodes from one side of the bod. 
and not the other indicate that the 
methods used were not delicate enough 
to provide more than a general notion 
concerning the actual presence of viru: 
or antibody) in lymphatic tissue 
POLIOMYELITIS Virus IN PANCREATIC 
TissugE. The pancreas was elected for 
study for 2 reasons. First. the source 
providing large quantities of poliomve 
litis virus in the lumen of the intestinal 
tract of man has not been defined. Since 
the pancreas pours its exocrine SECCTE 
tions into the small intestine through 
connecting ducts it was considered a 
potential, although unlikely, source of 
poliomyelitis virus. Second, pancreati: 
tissue extracts, because of the enzvme 
they contain, might represent a mor 
severe challenge to the reactivation of 
latent poliomvelitis virus than Ivmp! 
node emulsion, thereby serving as 
rather crude controls. Pancreatic tissie 
obtained from 8 patients (1 sample wa 
lost) were tested. Each of the sample 
was negative for poliomvelitis virus 
DistTRIBUTION OF Virus HuMA® 
Lympu Nopes. In an earlier paper’ on 
of the authors included a_ tabula 
summary of reported data on studi: 
made in an effort to detect poliomveliti 
virus in lymph nodes other than tonsi 
in fatal human cases. In that study ey 
perimental data were added from 
study of 3 patients, and the occurren¢ 
of virus in human axillary lymph nod 
was pointed out. The present study 1 
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afthrms some 
To the tests recorded in the lit- 
and listed Table 3, 9 other 
added which were studied in 


the laboratory form the 


earlier. 
erature 
cases are 
and) which 


basis of this report. 


Discussion. Having in view the pub- 


data of this 
it would seem 


lished data, to which the 


report are now added, 
that the presence of poliomyelitis virus 
in certain regional lymph nodes was 
and that the virus may 


there as a 


not accidental, 


have arrived consequence 


of its being transported in extra-neural 


hody milie 
PABLI KESUME OF TESTS RECORDED IN 
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" ‘ sample from | patient 
linguinal nodes pooled 
Nore thar vears later (1956) Flexner pointed out that 


be aceepted as definite 


| 
te 


enter the 
vmph nodes from several broad ana- 
several ways, 
absorption from contami- 
of the skin and mucous 
b) migration into ganglion 
along nerve fibers 
upplying lymph nodes, and c) absorp- 
ion from blood and extracellular fluids 
ollowing the occurrence of a transient 
iremia during the invasive stage of 
oliomyelitis. 

Few facts can be marshalled to reject 
ie possibilities that poliomyelitis virus 


Poliomyelitis virus may 


tomical areas and in 
iamely, a) 
iated 


nembranes 


areas 


ells and thence 


of the observations made 
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did not reach involved lymph nodes 
from mucosal surfaces, or from cutane- 
ous areas soiled by excreta containing 
the virus. One fact which stood out 
prominently was the infrequent detec- 
tion of poliomyelitis virus in mesenteric 
lvmph nodes. In regard to this fact. 
these results agree with those reported 
previously. It might be expected that 
virus would appear in these nodes in 
view of the large mucosal surface ex- 
posed to it. The fact that virus was not 
found there very often at the time of 
death suggested that it penetrated the 
intestinal mucosa only occasionally, or 


LITERATURE POR POLIOMYELITIS VIRUS IN 
PONSILS IN FATAL HUMAN CASES 
Lymph N 
{rillary / Vediastina 
os 
13 
0 
oe 
1 
S14 “ 
sterile techmique had not been used in this determination and 
has not been included in the total 
having crossed the intestinal mem- 


branes it had already disappeared, « 
was masked by a specific inhibitor. It 
is not an unlikely event that specific 
antibody had appeared first in these 
lymph nodes. 

In a previous study, Sabin and 
Ward" found poliomyelitis Virus in a 
pool of axillary and inguinal lymph 
nodes, as well as in a pooled mixture 
of lung, liver, spleen, and kidney from 
a patient who died 2% days after onset 
of illness. In their comments on these 
findings, Sabin and Ward considered 
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the possibility that virus may be widely 
distributed in the early stages of the 
disease 
turthei 


virus in inguinal lymph nodes was 


but elected to consider, until 


information was obtained. that 


there following transfer from perianal 
areas, and that possibly virus found in 
the lung had been aspirated from the 
tract. Objection 


raised now to one of these explanations 


alimentary can be 


n view of the presence of virus in 
axillary lymph nodes. On the basis of 
knowledge of the 


and physiology of the lymphatic sys- 


available anatomy 
tem no convincing evidence has been 
found of connections between afferent 
lymph channels of axillary nodes and 
the 
virus-can be 


the mucous membranes of oro- 
where 
ig the first 


clinical poliomyelitis®. 


pharynx, a site 


found duri few davs of 

The contamination of cutaneous sut 
faces with poliomyelitis Virus and its 
transfer to lymph, and thence to lvmph 
not 


does to have been 
an event whereby virus gained a pri 


nodes appeal 
mary foothold in the bodies of the pa- 
At the same time, 


one cannot exclude absolutely the oc- 


tients reported here. 
currence of gross skin contamination 
following implantation of virus in the 
gastrointestinal tract. This idea has been 
rejected and without tangible proof. It 
has been quite difficult to believe that 
a diffuse and probably rather consistent 
soiling of most of the integument oc- 
curred in order to explain the wide 
spread distribution of virus in regional 
lvmph nodes. 

The potentialities for movement of 
poliomyelitis virus in the peripheral 
nervous system are largely unknown. 
Howe and Bodian® have observed that 
transection of the spinal cord of mon- 
kevs failed to prevent virus inoculated 
below the transection from passing 
into the cord and brain stem above. It 
thei that may have 
passed from the cord along sympathetic 


was view virus 
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fibers to paravertebr il neurones anc 
atte? 
cord. If such pathways were used, then 
that 


gained 


ascendit in them reentered the 


ig 
it cannot be considered unlikely 
poliomyelitis virus ultimately 
access to lymphatic tissue by centrifu 
gal spread along postganglionic fibers 
supplying these structures. However 
some evidence has indicated that fibers 


of fine caliber, such as are found in 
sympathetic nerves, were not especially 
susceptible to transmission of virus’. In 
view of these considerations, and pai 
ticularly in the absence of crucial evi 
dence, the likelihood of virus moving 
In neurones to lymph nodes must bi 
viewed as a possibility until evidence 
to the contrary has been obtained 


\ number of considerations, how 
ever, support the assumption that polio 
myelitis virus may be brought to lymph 
nodes from extracellular compartments 
and that it may appear there becaust 
of a widespread distribution of virus 
during the invasive stage of the diseas« 
Wickman", Burrows 


called attention to a generalized hype 


ind others have 


tissues 


plasia of ly mphati 


rapidly 
fatal attacks of poliomyelitis. Burrows 
concluded from the histopathology ot 
the human disease that the virus enters 
by way of the intestinal lymphatic 


and thence spreads to contiguou 


Although 


lymph nodes have shown hyperplasia 


lvmphatic tissues humar 
studies have not been made in regaré 
to multiplication of virus within then 
The experimental evidence which i 
available does not readily support th 
opinion that a viremia occurs early ii 
poliomyelitis. The train of events bi 
ginning with implantation and the fina 
dissemination of virus previous to it 
volvement of the central nervous s\ 
tem in human beings has eluded defin 
tion. Poliomyelitis virus has been re 
the blood of patient 
recent vears. The test 
were made following onset of neur 


covered from 


twice!?!4 in 
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logical sy mnptoms and hence rather late 
1 the natural history of the disease. In 
iew of these meager data the proba- 
bility must be considered that a viremia 
wcurs carly in the illness of these pa- 
tients. Viremia, if it occurs, could ap- 
earas a result of the extension of virus 
froma nidus in the long gastrointestinal 
act with outflow through lymphatic 


channels into the blood stream and in- 
terstitial tissue spaces. From these com 
artinents virus could be transported to 
vmph nodes where it may be detected 
for a period after the stage of viremia 

\t this stage of the study it is clear], 
ecessarv to recall the possibility that 
wliomvelitis virus in the human dis- 
isc may be widely distributed in body 
tissues at a time preceding clinical evi- 
lence of involvement of the central 
ervous system. 
Summary. |. Following fatal illness 
used by poliomyelitis virus, regional 


mph nodes and 


pancreatic — tissues 
vere obtained at necropsy from 9 pa- 
tients. Poliomvelitis virus was detected 
Ilvmph nodes obtained from 6 indi- 


duals. Th positive tests were distrib- 
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uted as follows: right axillary lymph 
nodes, positive in 2; left axillary lymph 
positive in 3; right inguinal 
lvmph nodes, positive in 2; and left 
inguinal lymph nodes, positive in 2 in- 
dividuals. Poliomyelitis virus was found 


once in mesenteric lymph nodes. The 


nodes. 


pancreatic tissues obtained from these 
9 individuals did not contain detectable 
amounts of poliomyelitis virus. 

2. The published results on the pres- 
ence of poliomyelitis virus in lymphatic 
tissue were reviewed, and the results 
of the present study are discussed in 
view of antecedent data. 

3. The assumption is made, in view 
of a widespread distribution of polio- 
mvelitis virus in lymphatic tissue, that 
during the invasive period, poliomye- 
litis virus extends from a_ position in 
the gastrointestinal tract into lymphatic 
channels with outflow into the blood 
interstitial tissue 
compartments 


stream and spaces. 


From these virus is 
transported to lvmph nodes where it 
mav be detected for a period after the 


stage of viremia. 
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PATHOGENESIS OF MUSCLE NECROSIS DUE TO EXPERIMENTAL 
LOCAL COLD INJURY 


By R. B. Lewts, M.D 


LIEUTENANT COLONEI USAI Mic 


From the Department of Pathology 


Randolph Al Fore Base 


Tue pathogenesis of tissue necrosis 
due to local cold is not well under- 
stood. In general, there are two schools 
of thought: one, that tissue damage is 
secondary to vascular changes, that is 
vasoconstriction, stasis with plugging 
of the capillaries with clumps of red 
blood cells. edema, or actual throm- 
and the other, that 


tissue necrosis is caused by direct ac 


tion of cold on tissue cells®-71-28-2" 

Most pathologic investigations re 
ported have concerned late changes 
following severe frostbite. Under such 
conditions early lesions cannot be 
studied, and also there is danger of re- 
garding as primary, findings which in 
reality may be secondary to necrosis. 
infection, or both 

This study was made to clarifv our 
knowledge of the sequence of events 
leading eventually to tissue death. Mus- 
cle was chosen as the tissue for investi- 
gation, since it is possible consistently 
to produce muscle necrosis bv local 
cold without causing necrosis of overly 
ing skin*°. Such a closed lesion pre- 
cludes the possibility of secondary in- 
fection from the surface, so common 
when the skin becomes gangrenous. 


Materials and Methods. The experiments 
were performed on 83 male albino rabbits 
with a body weight of more than 2.500 gm 
Sixtv animals had one hind leg exposed to 
in alcohol bath of 12° C. for 30 minutes. 
t degre« of exposure which proved 
critical for muscle tissue25. The exact pro 
cedure is given in another papers, 

After exposure the 60 animals were divided 


300 


USAF School of Aviation Medicine 
Randolph Field, Texas 
into 15 groups of 4 animals each. Those in 


the various groups were sacrificed at the fol 
lowing intervals after exposure 15 minutes 
30 minutes; 1, 2, 4, 6, 8, 10, 12, 14, 16, 24 
1S. and 72 hours: and 8 days 


The frozen legs were thawed at roon 
temperature in-air, except in those animal 
sacrificed 15 minutes after exposure These 
were rewarmed in water at 42 ( for 5 
minutes to insure complete thawing before 
death of the animal 

Immediately after death the anterior mus 


cle group (tibialis anticus and extensor digi 


torum longus of hoth the exposed ind oun 


exposed legs was removed ind immediateh 
fixed in 10% formalin. These muscles were 
investigated because muscle necrosis, whicl 
occurs in 95% of legs exposed to an alcoho 
bath of > for 30 minutes, appears 
first and is more extensive in these muscles 


Necrosis appears first in the middle or distal 


portion of the belly ot this muse lke group 


After fixation, blocks were cut to inchlidk 
the distal two-thirds of the muscle group 
embedded in paraffin ind sectioned Stan 
used were hematoxvlin and cosin and Mal 
lorv's phosphomolvbdi wid for 
tissue 

In order to differentiate pathologic change 


due to cold from = artefacts caused by to 
early fixation. as described by Millar?2, th 
following was done Twelve animals wer 
exposed to the same standard cold 
ind 2 of these sacrificed after 15 minutes. ( 
after 30 minutes, and 4 after 2 hours. TI 
interior leg muscles of these inimals wer 
illowed to remain in the refrigerator over 
night before fixation 

To be certain that the 
observed in the muscles of the frosthitt 


inatomical ch 


legs were not due to ischemia, 11) anima 
in 3 groups of 4, 4 ind 3 were treated 
follows. A tight rubber tourniquet was plac: 
‘round the thigh of 1 hind leg just abo 
the knee to occlude completely the blo 
supply to the limb. In 1 group of 4 tl 


t 

t 

i 

I 

} 
I 
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tourniquet was allowed to remain tor 45 


nutes to correspond to the animals ex 
30 minutes sacrificed 
in the 2nd group of 4 for 


with the 


posed to cold tor 
tter 15 minutes 
60 imunutes to compare animals 
\posed to cold tor 


tte! 


3) minutes and sacrificed 


minutes; and in the 3rd group of 
for YO minutes to correspond to the animals 


\posed to cold for 30 minutes and sacrificed 


tter 60 munutes 


Results. Gross Finpincs. In all in- 
stances up to 72 hours after exposure 
had 
lisplaved a diffuse, dull red color in 
ontrast to the bright glistening red 
color of the muscles of the unexposed 


leg and of the 


the muscles which been frozen 


legs rendered ischemic 
slight edema of the 
animals sacrificed after 15 


by tourniquets. 
nuscles in 
ninutes was manifested by an average 
weight of 14% compared to 
the muscles of the unexposed leg. This 
weight gradually 
sreater through the 72-hour period, at 


mncrease 


MCrease became 


vhich time it reached approximately 
10%. Gross necrosis was visible after 
hours. 

Microscopic Finpincs. Fifteen min- 


ites after exposure many muscle fibers 
extreme- 
Numerous fibers presented 

Edema 
ianitested by the de ‘position of fibrin 


vere swollen and many were 
Wavy 
orkscrew appearance. was 
nd eosinophilic granules in the spaces 
etween and bundles. 
\lany cells showed degener- 
tive changes consisting of irregularly 
haped vacuoles, which in some areas 
vere so numerous as to give the muscle 
bers a fenestrated appearance. Some 
acuoles were optically empty; others 
ontained eosinophilic debris. Certain 
egments of muscle fibers were degen- 
rated to such an extent that only a 
\in-walled honeyvcombed eosinophilic 


Others showed 


muscle fibers 


muscle 


ructure remained. 


mmplete absence of portions of muscle 
without absence of the 
ircolemma. In the portions of muscle 
idergoing these changes, 


lls with or 


cross stria- 
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tions were largely absent; nuclei were 
absent in some areas of degeneration. 
The blood vessels were dilated and 
well filled with blood. No thrombi were 
scattered areas of red cell 
extravasation were visible (Fig. 1). 
Sections taken from the same area of 
the unexposed leg (Fig. 2) and from 
the corresponding area of a leg that 
had been deprived of its blood supply 
for 45 minutes by means of a tight 
tourniquet showe d no abnormalities ex- 
cept slight waviness of some muscle 
fibers ( Fig. The corresponding mus- 
cles of eae similarly exposed and 
sacrificed after 15 minutes, which were 
kept in the refrigerator overnight be- 
fore fixation and subsequently 
tioned, did not appear different from 
those fixed immediately. 

Muscles from animals sacrificed 30 
minutes after exposure showed the 
same changes as those sacrificed after 
15 minutes but with more extensive 
degeneration of muscle fibers. Larger 
portions of some muscle cells had dis- 
appeared (Fig 4). The sections from 
the unexposed leg (Fig. 5) and from 
the rabbit rendered totally 
ischemic for 60 minutes by means of a 
tourniquet did not show abnormalities 
(Fig 6). Muscle kept in the refriger- 
ator overnight before fixation did not 
appear different from that immediately 
placed in formalin. 

One hour after exposure, vacuolation 
and fenestration of muscle cells were 
more extensive, and many segments of 
fibers, either singly or in groups, were 
completely degenerated. Replacing the 
segments of degenerated muscle were 
empty spaces (with or without an in- 
tact sarcolemma ), eosinophilic granular 
debris, or There were small 
scattered areas of red blood cell extra- 
vasation. Interstitial edema, swelling 
of muscle fibers, and engorgement 
of blood vessels were pronounced. 
Thrombi were not observed (Fig. 7). 


observed: 


sec- 


leg of a 


shreds. 


(3 


-* 
— 
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Section taken 15 minutes afte: exposure to —12° C. for 30 minutes showing deget 
erative changes in the muscle cells. (X 128 
Control histologic section from une xposed leg of same animal as in Fig. 1. (X 1 
Section from muscle rendered completely ischemic for 45 minutes by mean 
tourniquet. Animal sacrificed immediately after ischemic period. (X 128 
Section taken 30 minutes afte1 exposure to —12° C. for 30 minute showing dege 
eration of muscle cells. (X 128 
Control histologic section from unexposed leg of same animal as in Fig. 4. (X 12 
Section from muscle rendered comple tely ischemic for 60 minutes by means 
tourniquet. Animal sacrificed immediately after grey period. (X 128 
Section taken 60 minutes after exposure to 12 . for 30 minutes, showing sev 


degeneration of muscle cells. rs 128 
Control histologic section from unexposed leg of same animal as in Fig. 7. (X 12 
Section from muscle rendered completely ische ‘mic for 90 minutes by means 
tourniquet. Animal sacrificed immediately after ischemic period. (X 128) 
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Sections from the same muscle area 
of the unexposed leg (Fig. 8) and 
from animals whose same leg muscles 
were rendered totally ischemic for 90 
minutes by means of tight tourniquets 
failed to show the abnormalities ob- 
served in the frostbitten legs (Fig. 9). 

Sections from animals sacrificed 2, 4 
and 6 hours after exposure showed 
progression of the degenerative process, 
which at the end 
severe. At 
of many muscle cells were represented 


4 to 6 hours was 
f and 6 hours large portions 


by aggregates of amorphous clumps of 
degenerated muscle. Others maintained 
their form but showed loss of cell archi- 
tecture. Exudation of many polymor- 
phonuclear cells was present in the 
and 6 hours. The 
degenerating cells tailed to stain well 


animals sacrificed at 4 


with eosin. Blood vessels were en- 
gorged but free of thrombi (Figs. 10 
and 

Eight to 14 hours after exposure the 
muscle degeneration involved larger 
numbers of cells and extended over 
large areas. Cell exudation of polymor- 
phonuclear and a few mononuclear 
cells was more pronounced. Small hem- 
orrhages were fairly numerous. The 
vessels remained engorged, but no 
thrombi were observed (Fig. 12). 

Sixteen to 24 hours after exposure, 
legenerative changes were more wide- 
spread. In some 16-hour animals the 
entire thickness of the anterior muscle 
sroup (tibialis anticus and extensor 
ligitorum longus) showed necrosis. 
Cross striations were plainly visible in 
egments of many fibers which were 
the seat of severe degeneration in adja- 
ent segments. In fact, in some fibers 
the cross striations were exaggerated 
ud often the muscle cells were broken 
nto narrow transverse discs at the 
\ definite increase in connec- 
especially around blood 
essels, was visible after 24 hours be- 
veen muscle bundles, replacing de- 


triations. 


ive tissue, 
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generate “lose gme nts of muscle cells 
(Figs. 18 and 14). The cell exudate, 
made up predominantly of polymor- 
phonuclear cells, had undergone con- 
siderable degeneration. An occasional 
thrombus was observed in veins, and 
there were many small areas of hemor- 
rhage. 

After 48 hours numerous small and 
large mononuclear cells appeared in 
the exudate in addition to the poly- 
morphs. There were many small masses 
of red cells between muscle fibers. 
Fibrosis was prominent near the mar- 
gin of the necrotic zone and had re- 
placed small areas of necrotic muscle 
(Fig. 15). In places numerous large 
mononuclear cells had phagocytosed 
necrotic muscle material (Fig. 16). In 
certain zones most of the muscle cells 
were in an advanced state of degener- 
ation. Thrombosis of vessels was fairly 
often observed, and, in some cases, 
necrosis of the vessel walls was evident. 

After 72 hours extensive proliferation 
of fibroblasts was observed near the 
margin of the necrotic area; this 
fibrosis had extended into the gangre- 
nous zone, replacing much of the ne- 
crotic muscle, although islands of 
necrotic muscle were still visible (Fig. 
17). In the central portion of the ne- 
crotic area there Was ho evidence ot 
connective tissue proliferation, and all 
muscle cells showed extensive necrosis. 
Macrophages were numerous, and poly- 
morphonuclear cells were less frequent. 
Vascular thrombosis was frequently 
observed, and necrosis of blood ves- 
sels was apparent. Signs of interstitial 
edema were either minimal absent 
partly because of organization of the 
exudate. 

While most of the muscle fibers of 
the grossly necrotic area showed com- 
plete loss of structure after 8 days, 
some retained their form. Others were 
represented by eosinophilic shreds and 
debris. There was no evidence of fibro- 


16. 


Fic 


10.—Section taken 2 hours after exposure to -12° C. for 30 minutes, showing progressio 
of the degenerative muscle changes. (X 128 
11.—Section taken 4 hours after exposure to 12° C. for 30 minutes, showing seve! 
degeneration of muscle and exudation of inflammatory cells. (X 128 
12.—Section taken 14 hours after exposure to ~12° C. for 30 minutes, showing extensis 
muscle degeneration and increased exudation of inflammatory cé lls. (X 128) 
13.—Section taken 24 hours after exposure to -12° C. for 30 minutes, showing mus¢ 


degeneration, exudation, and early fibroblastic proliferation around blood vessels. (X 128 


14.—High-power photograph of same section as Fig. 13, showing fibroblastic proliferati 
and inflammatory cells. (X 560) 
15.~Section taken 48 hours after exposure to -12° C. for 30 minutes, showing fibroblast 
tissue replacing necrotic muscle cells. (X 128 
16.—High-power photograph of same section as Fig. 15, showing macrophages containit 
phagocytosed debris. (X 560) 
17.—Section taken 72 hours after exposure to —12° C. for 30 minutes, showing mark 
fibroblastic proliferation replacing much of the necrotic muscle. (X 128) 
18.-Section taken 8 days after exposure to —12° C. for 30 minutes, showing alm 
complete replacement of the necrotic muscle with connective tissue. (X 128) 
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blastic proliferation; the cells of the 
exudate showed various stages of de- 
Vascular thrombi were 
numerous. In areas near the margin of 
the necrotic zone fibroblastic prolifer- 
ation was intense and largely replaced 
the dead muscle (Fig. 18). Remnants 
of muscle fibers were scattered through- 
out the areas of fibrosis. 

Discussion. The sequence of events 


generation. 


leading to necrosis of muscle tissue fol- 
lowing exposure to local cold injury 
was one of continuous progression from 
the time of exposure. Both muscle and 
connective tissue became necrotic in 
the most severely injured areas. In the 
bordering zone only the muscle became 
necrotic, whereas the connective tissue 
remained viable and_ proliferated to 
replace the degenerated muscle. 

In contrast to Friedman and others'' 
who observed no muscle degeneration 
2 days after experimental local cold in- 
jurv in rabbits, degenerative changes 
were noted in the muscle fibers as earls 
as 15 and 30 minutes after exposure, 
ind marked changes after 4 to 6 hours. 
The muscles showed an increase in 
veight from edema and were dis- 
olored a dull, dark red up to 72 hours, 
it which time gross necrosis became 
vident. That these earlv changes were 
iot due to ischemia was demonstrated 
by the normal appearance of muscles 
that had been rendered totally ischemic 
vy means of tight tourniquets for peri- 
ids of 45, 60, and 90 minutes: nor were 
they artefacts, since the muscles of the 
inexposed leg appeared normal. Blood 
essels were dilated and engorged with 
‘lood, but thrombi were not observed 
efore 24 hours, by which time muscle 
egeneration was well established. 

It is not reasonable that the observed 
iuscle damage progressing to necrosis 

as secondary to vascular changes. The 
iore logical explanation is that the 
iuscle changes were due to direct ac- 
m of cold on the tissue cells, a true 


thermal injury. Whether ice formation 
within the cells, as suggested by Lewis 
and Love*! and Blackwood'*, or some 
yet unknown alteration of metabolism 
was the cause remains to be deter- 
mined. The fact that a number of inves- 
have observed throm- 
bosis of blood vessels in the late stages 
of frostbite necrosis is not prima facie 
evidence that it was the cause of the 
tissue necrosis. Other 
have been impressed by the absence or 
rarity of thrombi observed in frostbit- 
ten tissue. Since the blood vessels of 
an extremity exposed to cold are also 
subjected to the same degree of injury 
as the other tissue cells of the leg, it 
should be expected that injury to vessel 
walls would occur, and under such 
circumstances thrombosis might de- 
velop. One is not justified, however. 
from such findings to conclude that the 
cold selectively injured the vessels and 
spared other tissues. 

At least two investigators are of 
the opinion that the tissue necrosis is 
secondary to plugging of the capillaries 
with red cell sludges described as oc- 
curring approximately 1 hour after 
thawing. Such a theory does not explain 
the acute degenerative muscle changes 


16,20 


‘observed 15 and 30 minutes after ex- 


posure to cold and their absence in 
muscles rendered ischemic by tourni- 
quets. Sludging of red cells is not 
peculiar to cold injuries. It has been 
observed in many diseases and condi- 
tions by Knisely and Bloch'™ and spe- 
cifically in burns, the other tv pe of ther- 
mal injury, by Brooks and coworkers’. 
It is an accepted view that necrosis 
from burns is due to the direct action of 
heat and is not secondary to vascular 
changes. Is it not conceivable that there 
is also a critical cold injury for each 
tvpe of tissue beyond which recovery 
is not possible? 

In addition to the 2 factors cited 
above (namely, failure to observe 
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thrombi in early necrosis and the oc 
currence of degenerative changes with- 
in 15 atter 
there is other evidence against the vas- 
cular theory 


First, in 


minutes cold exposure), 
of cold-induced necrosis. 
some 2000 frostbitten rabbit 
legs, with either muscle necrosis or 
necrosis of skin plus muscle, necrosis of 
tendons has been seen rarely, and then 
only in late severe frostbite in which 
secondary infection was present. It is 
well known from clinical experience 
that tendons are very sensitive to inter- 
ruption of their blood supply. Second, 
by means of a controlled standard cold 
injury muscle necrosis can be produced 
routinely without causing necrosis of 
overlving skin®°. Certainly, under such 
of the of 


are subjected to injury as 


conditions vessels 


the skin 
severe as that of the vessels in the mus- 
Third, the beneficial effects 
of rapid rewarming of frostbitten  tis- 
Arev® 
Finneran 


exposure 


cle tissue 


Fuhrman and 
Shumacker’, 
. cannot reason- 


sue re ported by 


and 
4 


Crismon'- 
as well as the authors? 
ably be explained on the basis of pre- 
venting thrombosis of damaged blood 
vessels, since rewarming has not been 
anticoagulant effect. 
Furthermore, rapid rewarming, which 


shown to have an 


metabolism. 
would not be beneficial provided the 
theory 


increases local _ tissue 
is correct that ischemia due to 
thrombosis causes the tissue damage 


f 


Several have demon- 
strated either experimentally or clini- 
cally the increased rate of tissue death 
produced by the local application of 
heat to areas with diminished or absent 
blood flow and the beneficial results 
obtained by local refrigeration. As far 
as tissue necrosis Was concerned. no 
reports have been found in the litera- 
ture describing beneficial results from 
the local application of heat to ischemic 
tissue 


Even though the vascular changes 


during freezing and thawing are not 
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the 


tissue damage. it is 


considered by the author to be 
e of 
possible that they have some influence 
of frostbitten 
remains to be 


vasodilatation 


primary cause 


on the outcome tissue 


However. it demon 


strated whether with 


edema or ischemia from vasoconstric 
tion or both are deleterious. 
Summary. The pathologic changes in 
the muscle of cold-injured rabbit legs 
from the time of exposure to the time 


de- 


scribed. Microscopic signs of degenera 


of well-developed necrosis are 
tion of the muscle cells were observed 
as early as 15 minutes after frostbite 
and were characterized by vacuolation 
fenestration, and actual disintegratio1 
At times 


a fine honevcombed eosinophili 


of segments of muscle fibers 
only 
structure represented the involved por 
tions of the muscle cells. The patho 
logic process progressed gradually to 
complete necrosis, not only of the mus 
cle but of 


and was grossly 


connective tissue as well 


visible after 3 davs 
Acute exudation was demonstrable in 
{ to 6 hours; fibroblastic proliferation 
began at the margins of the necroti 
zone in 24 hours and was marked afte) 
S davs. 


seen earlier than 24 hours, was fairl 


Vascular thrombosis was not 


often observed after 48 hours, and wa 
more frequently found thereafter. 

The findings described above wer 
not observed in sections taken from th« 
same area of the corresponding muscl 
of the unexposed leg: nor did section 
of the same muscle area from legs tha 
had been rendered completely ischemi 
for 45, 60, or 90 minutes show abnor 
malities. 

Conclusions. 1. Degenerative chang¢ 
in muscle are produced almost immed 
ately after exposure to frostbite 

2. Such early changes cannot be di 
to ischemia-from stasis, sludging of r 
blood cells, or thrombosis, since cot 
plete ischemia induced by the applic 


ion of a tight tourniquet for 45, 60, or 
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3. The primary cause of the muscle 


() minutes failed to result in signs of necrosis must be the direct action of 


nuscle degeneration. cold on the tissue cells. 
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FRoM our present knowledge, pem 
phigus is a disease the structural 
inatomy of which lies entirely within 
the integumentary svstem. The particu- 
lar site of disease is the epidermis. Its 
manifestation is the rapid appearance 
ot localized collections of fluid, forming 
blisters, either within the epidermis or 
at its junction with the underlving 
dermis. Such blisters arise from an ap- 
parently normal skin. Subsequently 
signs of inflammation appear. due prob 
ably to secondary infection. 

The cause of the disease is unknown 
[There is no evidence of an infectious 
etiology. Essentially, for some reason. 
the epidermal c lls lose their cohesive- 
ess and are torn apart bv the migrat 
ng fluid from the dermis. The analogy 
s not too strained if one likens a blister 
to a wheal. The essential difference is 
the site of edema. The wheal resides 
in the vascular dermis; the blister in the 
vascular epidermis. 

There are several varieties of pem- 
phigus. All are characterized by the 
formation of blisters, either gross or 
nicroscopic Whether all forms of the 
disease spring from the same source, 


ve do not know. The diagnosis is 


wholly anatomical, conditioned by the 
ultimate history of progression in any 
particular individual. The malignant 
form is rapidly fatal usually termina 
ting in death from 6 months to a vear 
after its onset. The benign form, of 
which there are several varieties, en 
dures indefinitely. Of itself it is not 
fatal. It is only incapacitating. It 
may undergo spontaneous and perma 
nent remission. Occasionally, howeve1 
chronic benign pemphigus may alte 
its course to a malignant and fata 
termination. 

Adrenocorticotropic hormone ACTH 
and cortisone affect substantially th 
course of all forms of pemphigus, how 
ever temporary that may be. Until th 
present there has been no therapeut 
relief, not even temporary, it woul 
seem. Treatment with these hormone 
however, is not without its dange1 
Nevertheless, all patients we hav 
treated survived to walk from tl 
hospital. Most have returned aft 
varying periods of time in relap 
Over 6 to 12 months, 5 patients ha 
been seen in from 3 to 4 relapses. ¢ 
each occasion the response to. tre 
ment with ACTH or cortisone wv 


* The cortisone was supplied through the courtesy of Dr. J. M. Carlisle, Merck & | 
Inc ind the ACTH through Dr. John R. Mote of The Armour Laboratories, Armour 
Company, and Mr. R. A. Lemon of Pacific Laboratories, Inc. 

Presented in substance May 1, 1951, before the Association of American Physici 


Atlantic City, New Jersey 
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temporarily satisfactory. We re- 
port our results in 17 patients with 
various types of pemphigus and treated 
with one or the other of these hor- 
mones 
\IALIGNANT Four of our 
patients had severe malignant pem- 
phigus. One was dangerously ill. All 4 
were women ranging in age from 43 to 
70 vears. Their diseases had been pres- 
ent tor 10 weeks to 14 
doses of 200 to 300 mg. of ACTH, in - 
equal divisions, given over a period 
2 to 45 days required to inhibit the 
disease and bring it into remission. 
The total dose in each patient was 
trom 3 to 8 gm. Remissions following 
the initial treatment of the 4 patients 
lasted from 3 to 8 weeks. The longest 
remission, that of 6 months, was in a 
patient whose disease relapsed 3 weeks 
following the first course of ACTH, 
luring which she received a_ total of 
).09 gm., and who received for the first 
elapse a total of 1.0 gm. of ACTH in 
> days with complete healing of 
sions. At the third relapse, approxi- 
ately 12 months following the first 
eatment, she responded satisfactorily, 
xcept for some residual erosions of 
the oral mucosa, to 20 and 30 mg. a 
iy of ACTH given intravenously in 
00 cc. of a 5% glucose solution over a 
eriod of 8S hours on each of 18 suc- 
‘ssive days. The total dose was 0.4 
m. 
One patient had cortisone by mouth 
daily doses of oa 300 to 400 mg.. 
aching a total of 5.7 gm. in 23 days. 
ith the Rosner of some mucosal 
osions, a good remission was induced 
sting 5 weeks. Lesions of the oral 


icous membranes in malignant pem- 
igus are more resistant to treatment 
in are those of the skin. 

In malignant pemphigus it appears 
it the use of either ACTH or corti- 
ie is lifesaving. Complete healing of 
taneous lesions is attained and the 
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lesions of the mouth either heal or are 
reduced in size and extent to a degree 
compatible with the comfortable tak- 
ing of food. Left to its natural course, 
the malignant form of the disease pro- 
gresses to denude larger and larger 
areas of the skin of its epidermis, re- 
sulting in the loss of plasma proteins 
and electrolytes and eventually in 
\t the same time, 
involvement of the mouth gradually 
leads to impaired nutrition, for the 
taking of food and fluids becomes in 
creasingly difficult. 

BENIGN Pempuicus. There were 5 


circulatory collapse. 


patients with benign bullous pemphi- 
gus who received treatment. Four 
were males and 1 a female, with ages 
ranging from 18 months to 76 years, 
but the ages of 4 were from 61 to 76 
years. This is a disease chiefly of mid- 
dle or later years, yet: inf: aunts m: iv be 
affected. The dice ase in these patients 
had been present from 2 to 18 months. 

Unlike malignant pemphigus, where 
there is no attempt at regrowth of epi- 
dermis after the rupture of the bullae, 
the erosions of benign bullous pemphi- 
gus heal spontaneously. However, new 
le ‘sions continue to form. The mucous 
membranes are not involved, or but 
rarely. 

Approxim: itely the same effective 
dose of ACTH was required to induce 
remission in these patients as in those 
with malignant pemphigus. In general, 
the response has not been so complete 
as in the malignant form. One patient 
was without a relapse for 12 weeks. 
Cortisone administered intramuscular- 
ly to one patient in daily doses of 300 
and 400 mg. for 33 days effected a good 
remission for 5 weeks. 

A second variety of benign pemphi- 
gus is marked by generalized exfolia- 
tion of the skin and slight to moderate 
exudation. Blisters are few and transi- 
ent. Their superficial location in the 
epidermis beneath the outer horny 
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layer explains their failure to develop 
fully like those more deeply seated. 
This variety of the disease has re- 
sponded less rapidly and completely 
than the other varieties. Yet when ade- 
quate doses of the hormones are given 
and continued for a long enough time 
there may be satisfactory resolution 
of lesions. The duration of remission 
seems to be less well sustained in ex- 
foliative pemphigus. There was satis- 
factory resolution of lesions with both 
\CTH and cortisone in approximately) 
the same dosage as was used in malig- 
nant and benign bullous pemphigus. 

In a single patient, a vouth of 18 
vears, whose disease had been present 
for 20 months, the intravenous infu 
sion of ACTH in glucose solution, 20 
mg. daily for 25 davs, gave the best re- 
sult obtained in all the patients treated 
In this instance treatment was con- 
tinued for a week or more after the 
resolution of all lesions when the skin 
had taken on a normal texture. 

This bov had been treated 5 times 
previously, the remissions lasting 
scarcely long enough for him to leave 
the hospital. None had been longer 
than 4 weeks. Following total intra- 
venous infusions of only 0.5 gm. of 
ACTH in glucose solution. all lesions 
had healed and except for a deep pig- 
mentation, the skin looked normal 
This was achieved in 25 davs of treat- 
ment. The disease has now been in 
complete remission for 4 weeks 

Three of the 5 persons with exfolia- 
tive pemphigus were males and 2 were 
females. Their ages varied from 17 
to 59 vears. Their disease had been 
present tor 8 months to 5 vears. 

In addition to the above patients 
there was one with the vegetative vari 
ety of benign pemphigus. In this there 
are exuberant granulomatous lesions 
in the intertriginous areas which de- 
velop at the sites of ruptured bullae. 
The lesions responded to treatment 
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with ACTH. When the patient was 
last seen the disease had been in re 
mission for 12 weeks 

The next, and final, varietv of pem 
phigus affects the mucous membranes 
Those of the eve, mouth, upper respi 
ratory and digestive passages, and, in 
the female, the mucosa of the vagina 
and external genitalia may be involved 
The disease leads to extensive scarring 
in the eves and in the esophagus 
larynx, and vagina to strictures. It may 
or may not be related to the other 
varieties of pemphigus. It resembles 
them only in the histological pattern of 
vesiculation. Blisters of the skin do not 
appear although the disease may ex 
tend beyond the orifices of the lips and 
labia. Treatment with ACTH arrested 
the activity of the disease in 2 patients 
both women, 69 and 72 vears of age 
respectively. There was no visible ef 
fect on the scar tissue. Relapse ot 
activity occurred immediately. 

The eosinophil response in all 17 
patients was adequate whether at the 
initial administration of the hormones 
or at subsequent relapses. The reduc 
tion in the absolute number of eosino 
phils was alwavs more than 50%. It 
was our impression, however, that 
healing of lesions was not accelerate: 
until counts had been depresed in th 
range of 0 to 50 per c.mm To brin 
this about it was often necessary t 
increase the daily dose of ACTH to th 
higher levels which we used. 

There seemed to be no good correl: 
tion between the blood sedimentation 
rate and the activity of disease. | 
general the rate is increased by tl 


disease. Sometimes it declined wit) 


the healing of lesions; at other tim 
it did not. In some instances there w 
an increase in rate after treatment | 
gan and resolution of lesions was 
progress. Thus, the sedimentation ra 
apparently provides no useful gui 
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which to judge the .activitv of the 
ASE 

or TREATMENT. The un 
velcome results of treatment were not 
lissing. The more frequent physio- 
ogical effects of ACTH were observed. 
uch as the moon face, hypertrichosis 
iwperglycemia and glycosuria, and 
lvpokalemia. Extensive and deep pig- 
mentation of the skin appeared in 9 
persons treated with ACTH. One pa- 
tient, who de veloped the deepest pig- 
entation after intravenous administra 
tion of ACTH, had not shown any in 
rease during treatment with cortisone 
He was of Portuguese descent. No psy 
hic aberrations were observed in any 
vitient, except perhaps mild euphoria 
n some. There were 3 instances of 
large deep-seated gluteal abscesses de 
eloping at the site of the injection of 
\CTIL which required wide surgical 
cision. Healing was slow, but even- 
tually compl te. 

But there were more disturbing con- 
equences of treatment. Two men aged 
9 and 71 years, both hypertensive 
leve lope d congestive heart failure. In 
he first instance this followed the re- 
tention of sodium, but in the second 
t was thought a retention of water was 
caused by the high content of anti- 
liuretic substance in the particular lot 
t ACTH. Failure followed immediate- 
upon a rapid increase in weight in 
the presence of normal electrolytes in 
the blood serum. There was reactiva- 
tion of a duodenal ulcer in one patient. 
nd in another a similar lesion was sus- 
pected. This was not confirmed by 
oentgenologic examination. 

One patient, a boy of 17 vears, with 

foliative pemphigus developed an 
cute glomerular nephritis following 
me course of ACTH. Earlier in the 


isease he had extensive pyogenic in- 


ection of the skin as well as sub- 


utaneous abscesses. Subsequently, 


eatment of a rapidly relapsing pem- 
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phigus with cortisone during the height 
of the nephritis seemed not to affect 
the severity of the nephritis. In later 
relapses ACTH was again given, both 
intravenously and into the muscles, 
without appreciable influence on the 
kidney lesion. Over a period of many 
weeks the signs of nephritis lessened 
in severity on a closely regulated die 
tary regimen. 

The most perplexing episode oc- 
curred during the treatment of a pa- 
tient with malignant pemphigus, who 
at the time it happened had received 
S.2 gm. of ACTH intramuscularly over 
a period of 45 days. The lesions of 
pemphigus had partially healed. With 
out warning the woman lost conscious 
ness and remained in a comatose o1 
semicomatose state for 5 days, tollow- 
ing which she gradually and complete- 
ly recovered. Although treatment with 
ACTH was terminated, lesions of the 
skin and of the oral mucosa went on 
to complete healing. 

There were no neurological signs in 
this patient to support a cerebral vas- 
cular Jesion, which was suspected. She 
had shown none of the physiological 
effects of prolonged administration of 
ACTH either on phy sical examination 
or in the blood. The nearest conclusion 
was that there had been an acute meta- 
bolic catastrophe. The pemphigus in 
this person remains in complete re- 
mission after 9 weeks, and she has ap- 
parently suffered no ill effect from her 
experience, 

In the absence of cardiorenal dis- 
ease and electrolyte or protein im- 
balance, 5 patients receiving ACTH 
developed considerable pitting edema 
of the lower legs and ankles, and in 
addition one had purpuric lesions over 
the edematous areas. The edema sub- 
sided after stopping ACTH. One: per- 
son showed urticaria and angioneurotic- 
edema upon cessation of treatment with 
ACTH, and another produced the typi- 
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cal livid erythematous lesions of ery 
thema multiforme. 

Comment. Alterations of tissue re 
activity such as these in patients at- 
Hicted with pemphigus raise questions 
relative to the possible cause of this 
disease. The rebound of activity after 
stopping the hormones, with lesions of 
the skin characteristic of erythema 
multiforme or urticaria and angio- 
neurotic edema, and the presence of 
edema of the dependent parts, like 
that frequently observed in associa 
tion with the multiform eryvthemas 
suggest the possibility of an allergic 
mechanism Perhaps the response of 
the skin and the inhibition of bliste1 
tormation itself are other indications of 
a similar nature. It mav not be without 


significance in this connection that a‘ 


chronic and severe urticaria over a 
vear §S period preceded the develop- 
ment of bullous lesions of malignant 
pemphigus in an_ elderly woman. 
Among the blisters were still to be 
found a tew wheals, but it was not 
/bserved that the blisters were super- 
mposed on anv of them 

The diseases antecedent to pemphi- 
gus in the patients studied are not with- 
out interest. They may vield some in- 
formation on the kind of person that 
pemphigus attacks. and afford some in- 
dication of the background of pem 
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phigus Three patients had a story of 


past urticarial episodes, another had 


asthma. and one, hay fever. One woman 


with malignant pemphigus was known 
to have had a duodenal ulcer 3 vears 
betore. There were 3 patients with 
hypertension, all asymptomatic Liyster- 
ectomy preceded the onset of exfolia 
tive pemphigus by 3 months in a 
woman 39 vears of age, and one had 
az: autonephrectomy, due probably to 
tuberculosis, but this was not proved 
And, finally, chroni¢ pyelonephritis was 
present in 2 persons 

It may not be going too far astray 
to consider a common factor in the 
genesis of pemphigus, the collagen dis 
eases and rheumatoid arthritis or to 
find a common bond between the multi 
form exudative erythemas and pem 
phigus, if not an identity. 

Summary. ACTH or cortisone were 
used in the treatment of 17 patients 
with pemphigus. Of these, 4 had thi 
malignant form of the disease and 15 
had benign pemphigus (5 cases of bul 
lous pemphigus, 5 of exfoliative pem 
phigus, 1 of vegetative pemphigus, 
of mucosal pemphigus). Satisfactory 
remissions were achieved by about the 
same dosage in all varieties, including 
malignant pemphigus, in which this 
therapy was lifesaving. There wer 


noted some untavorable side effects 
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luis protean disease is being re- 
iewed under the title of 
Dy splasia of the Bones’, as used by 
Lichtenstein and Jaffe*?. An equally 
opular name under which many arti- 
les appear in the literature is “Al- 
right’s Syndrome 


Fibrous 


It must be pointed 
nit, however, that reports of a great 
any cases have appeared under many 
ther familia titles, such as osteodys- 
rophia fibrosa, juvenile Paget’s disease, 


eontiasis Ossea, osteogenesis imper- 


fecta tarda. osteitis fibrosa, von Reck- 


inghausen’s disease of bones, fibro- 
vstic disease, osteitis deformans juveni- 
s, and osteitis fibrosa cystica. These 
rms are often modified by reference 
» the distribution in the skeleton, as 
calizata, monostotic, polyostotic, focal, 
gional, unilateralis, generalizata, dis- 
minata, and multiple foci, and also 
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by reference to extra-skeletal manifes- 
tations of the disease such as brown 
patches in the skin, sexual and somatic 
precocity, hyperthyroidism, and other 
endocrine disturbances. 

As can be gleaned from the long list 
of names. the main features of the dis- 
ease, fibrous dysplasia of the bones, 
are varied and they are by no means 
confined to the skeleton. There are 3 
seemingly disconnected chief features: 
1) skeletal lesions affecting one, a few, 
many, or almost every bone in the 
body, 2 ) pigmented patches i in the skin, 
3) endocrine disturbances manifested 
by sexual and somatic precocity, es- 
pecially in the female, and other en- 
docrine disturbances. The skeletal le- 
sions are an essential feature and may 
or may not be accompanied by either 
or both of the other two. 
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PROGRESS 
The disease fibrous dy splasia is one 
sott- 
the 


bones occur. This group can be readily 


nl a group ol diseases in which 


ening, bending, and fractures of 


] 


separated into two main divisions. In 


Ole the lesions are generalized Ith the 
bones with accentuations here and 
there in the other, they are more o1 
less disseminated in the skeleton, or 


even localized within a single bone, and 


exhibit a predilection for certain sites 


and patterns of distribution. The former 


comprises the deficiency and endocrine 


diseases, rickets, osteomalacia. osteo 


porosis, and hyperparathyroidism and 
l 


n this division specific causes and 
means of prevention and cure are 
known The latter comprises Paget's 


disease, dyschondroplasia, osteogene 
sis imperfecta, and fibrous dysplasia, for 
a known cause 
Al] these 
entities now appear to be pretty well 
defined, but 


ntensive study by many investigators 


none of which is there 


or a specific means of cure. 


only many vears of 

In order to give proper perspective 
to fibrous dysplasia within the group of 
the tol] 


given ol 


malacic diseases of the bones 


lowing historical account is 
events leading up to the general rec 
ognition of the disease as an entity 
Historical Review. Just before the 
the notabl 
contributions to the pathology of the 
the 
made Rickets had long been recognized 
as an entity and in 1885 the pathologic 
rickets and 


turn of centurv several 


malacic diseases of bones wert 


similarity of osteomalacia 


was pointed out, but many vears 
passed before the common etiologic 
factor of these two diseases was discov 
ered. In 1877 Sir James Paget thor 


oughly described the clinical and patho- 
logical features of the disease he called 
but 
under 


osteitis deformans which now. is 


bette 
The two hereditary 


known his own name 


diseases, dvschon 


droplasia and osteogenesis impertecta 


have 


become well established entities 
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in publishe 


a lengthy report on 16 cases of bon 


Von Recklinghausen 


diseases which he div ice dl into 3 groups 
title “Di 


oder deformirende Ostitis, dis 


fibros 


as indicated by the 


malacie und die osteoplastische Carci 
nose in ihren i@hun 
The first 
brous ostitis comprise d 6 cases, two of 


which, numbers 5 and 6, can be 


vecgenseiten be 


gen. group deforming fi 


with 


Cases ot fibrous 


certainty epted 


dysplasia with widespread skeletal! 
lesions These 9 cases were cle S1gh ited 
as “verbreitete oder deformirende Os 
titis mit Tumoren und Cvysten and 
“verbreitete oder deformirende Ostitis 


mit Tumoren , respectively. In his 


ond group, with outspoken malacia of 
the bones. he included, along with 5 
cases of osteomalacia and_ rickets, a 
case, number 7, with widespread skel 
tal malacia, which he called Fibrose 
Ostitio, multiple Ostiosarkom: Phi 
case is generally iccepted is one ol 
hvperparathvroidism. Indeed, para 


thyroid tumor was subsequently iden 
tified in von Reckling 
this 
Following von Recklinghausen’s arti 


hausen’s materia! 
trom case 
cle a voluminous literature 
in the 
cumulated, particularly concerning the 
restricted ske leta 
No attempt 


be made to review the literature pub 


( spec ially 


German language, rapidly a 


less severe and more 


forms of the diseas« 
lished prior to the discovery of hyper 
parathvroidism in the middle twentie 
However, a few references to mor pel 
tinent articles published in that era at 
included. 
Bloodgood'® Silver®™!. an 


valu ible 


Barrie!” 


\Meverding™ furnished col 
American literati 
1914 published in tl 


under tl 


tributions to the 
Elmslie*** in 
British Journal of Surgery 
title “Fibrocvstic 


lengthy and excellent discussion of tl 


| disease ot Bi 


subject, well illustrated by many cast 


He made distinctions between the sit 
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ple bone cyst, cvsts which are formed 
by degeneration of giant cell tumors 
id those cysts that are embedded in a 
compl . of fibrous tissue in which are 
found bone of an atypical metaplastic 
type and cartilage (fibrous dysplasia ). 
ln the latter tvpe of case he remarked 
on the bowing of the bones as well as 
the fractures and commented upon the 
prevalence of this type of lesion in the 
upper end of the femur and the fre 
quency with which it was associated 
vith involvement of other bones. He 
eported the case of a bov of 6 vears 
Whom there were widespread _pro- 
vressive skeletal lesions and a nevus on 
he back of the neck. (This case was 
nore fully reported by Bradfield'™ in 
193] referred also to those 
ses with multiple sarcoma and sec 
mdary changes in the bones (hyper 


parathyvroidisin ), and commented upon 


their bad prognosis 
Knages”’ in his book, “The Inflam- 


natorv and Toxic Diseases of Bone’, 


1926, described pretty thoroughly the 


‘skeletal features of fibrous dysplasia 


under the heading “Osteitis Fibrosa as 
it Primary Affection”. In his chapter on 
eontiasis ossea he insisted that one of 
the two tvpes which he described was 
the same disease as his primary osteitis 
ibrosa. Wieland!" in 1922 published an 
rticle entitled “Osteitis Fibrosa Cyst 

i Congenita \pparently the disease 
inder review was then a familiar patho- 
gical entity, at least in regard to the 
keletal lesions. 

The more severe forms of the disease 
vith many bones involved had received 
ess attention and in the then ignorance 
{ hyperparathyroidism it was general- 

contused with that disease. 

Morton®', in the United States in 
922. reviewed the literature up to that 
ear and reported an additional case 
nder the title “The Generalized Type 
f Osteitis Fibrosa Cystica (von Reck- 
nghausen’s Disease . The case he re- 
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ported is typical of fibrous dysplasia. 
It concerned a robust man of 26 years 
who had sustained repeated fractures 
since the age of 3 vears. Although many 
bones, including the skull, were in 
volved, he was treated only on account 
of a painful and disabling coxa vara. 
There is an excellent gross and micro- 
scopic description of the bone ex 
posed for osteotomy. Significantly Mor- 
ton remarked about the thin, smooth 
cortex and the absence of the medullary 
cavity which was replaced with fibro- 
osseous tissue without cvsts or giant cell 
tumors. In his review of 63 cases, he 
gave excellent accounts of 2 main 
groups, one of which can be easily 
recognized as fibrous dysplasia and the 
other as hyperparathyroidism, but in 
the further divisions of his classification 
and in his discussion he confused the 2 
diseases. He remarked about the find 
ing of parathyroid tumors at autopsies, 
in some of the cases, only to dismiss 
the matter as incidental. 

In none of the above reports, except 
tor Elmslie’s reference to a nevus on 
the back of the neck in one of his 
cases, Was any mention made of extra- 
skeletal features of the disease. But in 
1922 Weil!”* reported the case of a 9- 
vear old girl who had _ pigmented 
patches in the skin and whose sexual 
and skeletal development was that of 
a girl of 15. She had menstruated 
since the age of 18 months and had sus- 
tained § pathological fractures. Radio- 
graphs revealed scattered skeletal 
lesions, referred to as an unusual va- 
riety of osteopsathyrosis. Calcium stud- 
ies gave normal values. 

In spite of the distinct difference be- 
tween von Recklinghausen’s single case 
Number 7, which can with certainty be 
accepted as one of hyperparathyroid- 
ism, and the cases, Numbers 5 and 6, 
in his first group, which are now rec- 
ognized as fibrous dysplasia, the 2 
conditions somehow or other subse- 
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quently became combined under the 
name of “osteitis fibrosa cystica or von 
Recklinghausen’s disease of bones”. 
This was unfortunate, as it no doubt 
hindered the appreciation of the sig- 
nificance of the finding of parathyroid 
tumors in some cases, but not in others. 
Yet these findings were made not with- 
out exciting suspicion as to the signifi- 
cance of the parathyroid tumors. In 
1915 it was recommended that an at- 
tempt be made to remove a parathy- 
roid tumor in a case of osteitis fibrosa 
cystica, but it was not until 1925 that 
this operation was performed with 
startling results. 

\bout the same time parathormone 
was discovered and within a remark- 
ably short time a vast amount of clini 
cal and experimental evidence appat 
ently proved that hyperparathyroidism 
caused osteitis fibrosa cystica®. 

Von Recklinghausen’s disease of 
bones and hyperparathyroidism then 
became synonymous. But it was soon 
noticed that in many cases of the 
osteitis fibrosa cystica of von Reck- 
linghausen, neither hyperparathyroid- 
ism nor parathyroid tumors could be 
demonstrated even on surgical explor- 
ation. In 1929 Winter'!® reported a 
case of generalized osteitis fibrosa cvs- 
tica in the absence of parathyroid 
tumor. Hunter and Turnbull®*, writing 
under the title “Hyperparathyroidism: 
generalized osteitis fibrosa”, in 1931. 
included brief reports of 4 cases which 
they designated as “focal osteitis 
fibrosa” They were very emphatic 
about the distinction between the gen- 
eralized osteitis fibrosa of hyperpara- 
thyroidism and the osteitis fibrosa in 
multiple toci. They were probably the 
the first to stress this distinction. Par 
ticularly they emphasized the vital 


* A very charming account of the story of 
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importance of realizing that in the 
focal disease, even though many bones 
be affected, the condition is totally dif- 
ferent from the generalized disease 
and that exploration of the neck for 
parathyroid tumors is unjustifiable 
However, the cases that Hunter and 
Turnbull reported were of lesser skele 
tal extent and no mention was made 


ot 


any extra-skeletal features, so that 
the overall account of the disease was 
not complete. 

Jaffe®** in 1933, in a report entitled 
“Hyperparathyroidism (Recklinghau- 
sens Disease of Bone)” found that he 
had a residue of cases of osteitis fibrosa 
cystica without parathyroid tumors 
Concerning these, he expressed him 
self as follows: “My impression is that 
these cases are neither Recklinghausen’: 
nor Paget's disease and that they con 
stitute a still unidentified entity. | 
strongly suspect that they have a con 
genital basis.” 

It was becoming obvious that the 
“osteitis fibrosa cvstica of von Reck 
linghausen” comprised 2 distinct and 
separate conditions. One was due t 
hyperparathyroidism; the other wa: 
not due to hyperparathyroidism. 

Under the title “Osteitis Fibrosa 
Dunninger* in 1931 published an ex 
cellent description of a North Ameri 
can Indian’s skeleton estimated to b 
1000 years old. The similarity of hi 
illustrations to those of von Reckling 
hausen’s cases, Numbers 5 and 6, 
striking. In 1929 Ivimey*? described 
case under the title “Bone Dystroph 
with Characteristics of Leontias 
Ossea, Osteitis Deformans and Osteit 
Fibrosa Cystica”. Pigmentation of tl 
skin and predominantly one-sid« 
skeletal lesions including the skull we 


hyperparathyroidism can be found in Fu 


Albright’s Presidential Address delivered at the 29th annual meeting of the Association 
the Study of Internal Secretions on June 6, 1947, in Atlantic City, New Jersev, and publis! 


in the J. Clin. Endocrinol., 8, 637-657. 1948 
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present The boy Was blind and par- 
tially deaf. 

Between 1929 and 1937 numerous 
Cases like those described by Elmslie, 
Winter and Weil 


were reported by various authors’ 18,36b, 
$1.42.46.47, 


Bradfield. Ivime 


under va- 
rious titles, and Freund and Meffert* 
discussed the differential diagnosis and 
surgical treatment in 25 cases under 
the title “Localized Non-generalized 
Forms of Osteitis Fibrosa”. Of special 
note is the case of McCune = and 
Bruck’ of a girl with widespread 
disabling bone lesions, skin pigmenta- 
tion, sexual precocity, and hyperthy- 
roidism. which was most exhaustively 
reported in 1936 and again in 1937, and 
reference was made to the previously 
reported similar cases. This case was 
finally reported with —— findings 
by Sternberg and Joseph*? in 1942. 

In spite of Hunter << Turnbull's 
reference, in 1931, to the distinctive- 
ness of the entitv and how it differed 
from hyperpar ithyroidism, confusion 
between the 2 diseases still prevailed, 
as is attested by the fact that many of 
these cases were fruitlessly explored 
for parathyroid tumors. It remained 
for Albright and collaborators to bring 
order out of this confusion. 

In 1937 Albright, Butler, Hampton, 
and Smith* reported 5 cases and a year 
later Albright, Scoville and Sulkowitch® 
added 2 more cases under the title 
Syndrome Characterized by Osteitis 
Disseminata, Areas of Pigmentation 
and Endocrine Dysfunction with Pre- 
cocious Puberty in Females”. All 7 
cases had severe skeletal involvement 
and skin pigmentation. With one ex- 
ception all had sustained fractures. 
Precocious puberty had occurred in 
the 4 females and one of the boys was 
onsidered slightly precocious sexual- 
v. All 3 of the males had been pre- 
iously explored surgically for parathy- 
oid tumors without any having been 
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found. The authors carried out most 
thorough investigations of their cases, 
including metabolic and endocrinologic 
studies. They reviewed the previously 
reported similar cases and pointed out 
how they differed from cases of other 
diseases affecting the bones, especially 
hyperparathyroidism. The focal nature 
of the lesions was again emphasized 
and is reflected by the use of “dis- 
seminata’ in the title. 

Lichtenstein®™ in 1938 published a 
paper based on 4 of his own cases, 
supplemented by 4 from other sources, 
under the title 
Dysplasia”. There is a good clinical 


“Polvostotic Fibrous 
and pathological account of the disease 
affecting the skeleton in lesser degree. 
In none of his cases were extra-skeletal 
features of the disease present. The 
distinctive nature of the malady and 
its multiple focal distribution in’ the 
skeleton were again stressed. 

The papers by Albright and coll: a 
rators and Lichtenstein stimulated i 
terest in the disease and many more 
reports rapidly-appeared in the litera- 
ture, chiefly under the titles, Albright’s 
Syndrome and Polvostotic Fibrous 
Dysplasia. By 1942 Lichtenstein and 
Jaffe®? were able to collect 75 cases 
from the literature and to describe 
15 more cases of their own under the 
title, “Fibrous Dysplasia of Bone”. The 
change of title, from this source, infers 
that the skeletal lesions are not neces- 
sarily polyostotic. The authors give an 
excellent treatise on the skeletal path- 
ology and an analysis of the 90 cases, 
as well as a thorough discussion of the 
disease in general. The many subse- 
quently published reports and reviews 


‘add still more features to this alre ady 


complicated and bizarre disease entity. 

The following discussions are based 
upon the review of papers and books 
available to the Reviewer, and an anal- 
vsis of 256 cases reported in articles 
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that were published mostly in the 
vears 1929 to 1949. 

Sex and Age Incidence, Onset, and 
Course. The sexes are about equally 
affected. Leaving out Schlumberger’s 
67 monostotic cases which were mostly 
in men trom the armed forces, there 
were 83 males and 82 females among 
the cases in which the sex was stated. 
ln 148 patients ranging from 4 months 
to 70 vears of age, the disease could 
be traced to infanev in 7 cases, to 
childhood in 131, and to adolescence 
in 10. In 13 other patients between 20 
and 57 vears of age, the onset of symp 
toms or signs appeared before 20 vears 
of age in two and after 20 in 9 while 
2 were symptomless. In 5 of the olde 
patients between 40 and 60 vears of 
age, the duration of the symptoms was 


from 1 to 30 vears. The oldest patient 


on record was described by Bingold™. + 


The patient was a man of 70 who used 
a crutch and a cane and in whom the 
disease had started at 6 vears of age 
rhat the skeletal lesions can exist un 
noticed, even in a widely disseminated 
form, is attested by the not infrequent 
accidental discovery of the disease on 
radiological examination for other rea- 
sons. A case in point is that of Sante 
et al.*. A young man, with a verv larg 
wea of pigmentation on his trunk, had 
served for several vears on active ser\ 
ice as a combat pilot. When examined 
for an injury he was discovered to 
disseminated — skeletal 
lesions. The importance of the skeletal 
lesions to the armed forces and in the 


have’ widely 


examination of inductees is brought 
out by Stauffer and Fitzgerald® and 
by Schlumberger*’. 

The first sign of the disease mav be 
precocious menstruation, but more 
often it is related to the skeleton, in 
the form of a limp, a pain, a bending of 
a bone, particularly the upver end of 
the femur, a deformity of the face or 


skull, or a pathological fracture. Oc- 


casionally failing vision sends the pa 
tient to the doctor With the ex 
ception ot premature menstruation 
these patients are regularly reported as 
having a normal early infancy. Very 
often the first sign is a limp or a wad 
dling gait appearing soon after the child 
begins to walk. Pigmentation of the 
skin was not reported as an attracting 
sign in anveof the 256 cases reviewed 
The evolution of the skeletal lesions 
is verv slow but usually reaches its maxi 
mum before maturity. There is, how- 
ever, considerable triation the 
progress of the skeletal lesions, and 
in the more severe forms deformities 
mav become disabling fairly early in 
childhood. Recurring fractures are of 
ten the major disability. The progres 
sive appearance of the foci in the skel 
ton is well authenticated, at least in 
far as they are demonstrable by 
toms and radiog) iphy Whether thes 
foci are all established in the marrow 
at the same time has not been deter 
mined. Certainly individual foci exten 
and often coalesce. Acceleration of TO} 
eral growth in childhood pr 
mature closure of epiphvses with 
sation of activity of skeletal lesion 
concomitant with the closure of | tl 
epiphvses or at the normal maturatior 
age is well attested. However, continu 
ation of activitv into adult life or ac 
tivity manifest only in the adult ofte: 
occurs. Reactivation after long period 
of quiescence is not uncommon. fi 
cases reported by Hunter and Turti 
bull®, Dockerty et and by Bon 
duelle and Claise' 
childhood and adolescent bone dis 


reactivation oft 
ease occurred during pregnancy at 2¢ 
34. and 33 vears of age respec tively 
Skeletal Features. Ske_erat Paruor 
ocy. The variations of the lesions 
the bones are many, but thev are al 
within the potentiality of the skelet 
blastema to produce fibrous connecti\ 
tissue, cartilage, bone, and synovial ca 
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ties and to shift back and forth be- 
tween the productive and lytic phases 
of the metamorphosis of the bones and 
joints. In brief, the process in fibrous 
dysplasia commences as a fibrous con- 
nective tissue proliferation within the 
medulla, replacing marrow and ab- 
sorbing and replacing the cancellous 
and cortical bone. In this new-formed 
fibrous tissue metaplastic bone is laid 
down: occasionally islands of cartilage 
are developed and cysts may be 
formed. 
\licroscorpi 
are many excellent descriptions of the 
pathological tissue removed surgically 
and occasionally at autopsy. The new- 
formed fibrous tissue varies from place 
te place in its composition. It may con- 
sist of small spindle and stellate cells 
and a finely fibrillary stroma in a loose 
or whorled arrangement, or it may ap- 
pear in the form of intertwining bun- 
dles of larger spindle cells with plump 
vesicular nuclei and a varving amount 
of collagenous stroma. On the other 
hand, it may be poor in ce Is and high- 
ly collagenous, often retaining a 
whorled or intertwining pattern. Al- 
though the whorled arrangement of 
the connective tissue in fibrous dys- 
plasia resembles that seen in neuro- 
fibromatosis, it cannot be accepted, by 
itself, as pathognomic of that disease as 
10 contended. In_ the 
study of histological sections the Re- 


viewer is impressed by the close rela- 
tion of this whorled arrangement to the 
subsequent formation of bone tra- 
beculae. Some areas may appear edem- 
itous and contain numerous small 
cystic spaces. The vascularity varies 
markedly. The vessels are thin-walled 
ind usually small in caliber. The more 
ellular areas are more rich in blood 
upply. Here and there dilated vessels 
nay be encountered with surrounding 
xtravasations of blood, accumulations 
f multinucleated giant cells, deposits 


APPEARANCES. There 
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ot hemosiderin, and occasionally some 
foam cells and a few lymphocytes. 
The two latter in no way represent 
part of the essential process and can 
be dismissed as incidental to hemor- 
rhage and degeneration. The finding 
of foam cells cannot be interpreted as 
representing an essential xanthoma- 
tosis, an error into which some authors 
were led’, According to Lichten- 
stein and Jaffe®’, the giant cells are of 
small size with few nuclei, less than a 
dozen, and must be looked upon as 
multinucleated skeletal phagocytes. 

However, they are not the only type of 
giant cells encountered. Many authors 
describe cells indistinguishable from 
osteoclasts scattered or in conglomera- 
tions throughout the fibrous tissue. In 
2 cases described by Dockerty et al.*, 
giant cells rag 50 to 60 nuclei were so 
numerous, n biopsy spe cime ns, as to 
lead to Zo erroneous diagnosis of giant 
cell tumor. Osteoclasts may be found 
about islands of cartilage and around 
fragments of bone in well vascularized 
areas. Schlumberger*®® pointed out that 
these osteoclasts may persist after 
complete resorption of bone fragments 
and often appear in relation to small 
evsts. To the Reviewer the presence of 
osteoclasts, associated as they often 
are with evidence of bone absorption 
and increased cellularity and vascular- 
itv, is a manifestation of a shift to the 
lytic phase of bone building. 

In the new-formed connective tissue, 
bone is characteristically laid down to 
a greater or lesser extent. It may ap- 
pear as shaggy small masses or as ir- 
regular trabeculae. Isolated spheroids, 
bars or widely spaced, long curved, 
rather smooth trabeculae may consti- 
tute the bone content. On the other 
hand, ossification often appears in a 
more closely meshed anastomosing 
trabecular arrangement and may go on 
to form a dense uniform or irregular 
fine or coarse honeycomb structure. 


The latter is beautifully shown in the 
incinerated specimens illustrated by 
Uehlinger and Murray et al.*°. Areas 
ot fibrous tissue may escape ossifica- 
tion. It is the consensus of those au- 
thors who have made thorough path- 
ological studies of material removed 
surgically or at autopsy that the nature 
ot ossification is essentially metaplastic 
in the connective tissue, producing 
fiber type of bone. It is also pointed 
out repeatedly that osteoblasts may ap- 
pear later along the margins of the 
metaplastic bone trabeculae. This has 
led some people to state that the pro- 
cess is one of osteoblastic bone forma- 
tion, but lamellar bone formation is 
not a prominent feature. The osteo- 
blasts observed suggest to the Re- 
viewer that they play a part in smooth- 
ing off the irregular margins of the 
metap! istic bone trabeculae. Dockerty 
et al.*) point out that fractures occur- 
ring in fibrous dy splasia heal by osteo- 
blastic activity. Calcification occurs 
irregularly in the metaplastic bone 
commencing centrally and_ leaving 
wide or narrow osteoid seams. depend- 
ing upon the extent of calcification, or 
none at all if it is complete. 
Osteoclastic resorption of the new 
formed metaplastic bone is commonly 
observed. One may then see, in the one 
specimen productive metaplastic and 
osteoblastic bone formation along with 
lvsis of bone bv osteoclastic activity. 
The metamorphosis of bone in the 
pathological tissue is excellently illus- 
trated by Schlumberger. The points of 
metaplastic bone formation are pre- 
ceded by enlargement and prolifera- 
tion of the connective tissue cells, then 
the deposition of osteoid between the 
cells and later calcification, and often 


points of osteoclastic absorption. In the 


calcified 


osteoid trabeculae lie in more mature 


quiescent yhase. smooth 


fibrous tissue, the one sharply demar- 
cated from the other. 
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Islands of cartilage may be found in 
the dysplastic connective tissue. It 1s 
not usually a prominent feature but it 
was abundant in the cases reported 
by Telford’, Revers*'!, and by Brad- 
field'®, Peripheral ossification and en 
dochondral bone formation with the 
presence of marginal osteoclasts have 
been observed. In Schlumbergers 67 


monostotic cases**, cartilage was found 
only in relation to fractures. Albright 
et al. relate the presence ot cartilage 
in one of their specimens, to the epi 
physeal cartilage. In the cases re 
viewed it was reported in 13, but most 
of the examinations were on only small 
biopsy specimens. That there is a rela 
tionship of the presence of cartilage 
to fractures is suggested by the fact 
that of the 13 cases in which it was 
found, 5 had had multiple fractures 
} had 1 fracture, and in 1 the limb had 
collapsed and buckled. Furthermore 
partial fractures are notoriously com 
mon in fibrous dysplasia and they ar 
not always easily detected. However 
in 2 of the 13 cases there was neither 
sign nor history of fracture and_ in 
others cartilage was found apart from 
fracture sites. Allowing for the devel 
opment of cartilage in the callus of 


healing fractures, it is the belief of 


many authors that cartilage can be 
metaplastic in the fibrous connective 
tissue, as another manifestation of the 
potentialities of the skeletoblastema. 
Cysts of various sizes may be en 
countered in the dysplastic connective 
tissue. They loom large in the radio 
logical descriptions and in many of the 
reports from surgical sources, which in 
clude simple bone cysts and compli 
cate matters still further by the refer 
ence to solid cvsts. However, it is ger 
erally considered that cysts are not 
very, prominent feature of the lesion 
of fibrous dysplasia. When they a1 
present, they are embedded in the dys 
plastic fibrous or fibro-osseous  tissur 
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Microscopic cysts in edematous connec- 
be numerous. Other 
small eysts may be found in association 


tive tissue may 
increased vas- 
Larger cyst 
formation is about as common as the 
of cartilage. In the cases 
reviewed, cysts were reported 11 times, 
but 


with bone absorption, 


cularity, and hemorrhage. 


occurrence 


again many examinations were 
made on limited amounts of tissue. 
rhey are variously described as ragged 


fibrous walls and 
a content of watery or gelatinous con- 
r or blood stained. Jaffe®™ 
described the rapid appearance of a 
cyst the of a standard football in 
t rib which was known to be the seat 
of a fibrous dysplasia. 


or with smooth, firm, 


clea 


sistency 


size 


Opinions vary as to the mode of 
cyst formation. Schlumberger*’  illus- 
trated the formation of small cysts 


following the osteoclastic destruction of 
bone and its replacement by tissue 
fluid rather than by proliferation of 
Lichtenstein and 
them to liquefaction of 
tissue or possibly to 
degeneration following 
with blood supply by 
marked fibrosis or radiation therapy. 
Sternberg and Joseph*’ believe that 
the their were due to 
ischemia hemorrhage, associated 
with resorption and subsequent lique- 
There can be little 
doubt that some of the cystic cavities 
of degenerative nature. Yet there 
cysts, described as having smooth, 
condensed fibrous containing 
fluid or a gelatinous 
oagulum; then > on i are the r rapidly 
expanding types referred to above. 
hese cysts are not easily explained by 
legeneration or he »morrhage. 

To the Reviewer the cysts might 
vell represent synovial cav ities, albeit 
produc ‘ed by a_ process 
omparable to the formation of a joint 
avity, a bursa, ganglia, cysts of the 


tissue. 
attribute 


connective 


connective 
Jaffe®? 
the 
hemorrhage or 
interference 


cvsts mn case 


and 
and necrosis. 


faction 


ire 


ire 


i. clear wate ry 


Ones, 
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semilunar cartilage or Baker's cyst, all 
of which would come within the realm 
of the potentialities of the skeleto- 
blastema. This hypothesis is supported 
by the case reported by White'®’, in 
which there were wide spread skeletal 
lesions of fibrous dysplasia and_pig- 
mented patches in the skin of a man 
of 57 vears. 
progressive for 26 years and during the 
course of the malady numerous cysts, 
said to resemble ganglia, appe ared in 
the fascial planes of the right thigh 
about the femur that was most mark- 
edly involved by the disease. An 
osteotomy, at the mid-shaft of this 
femur, for biopsy, revealed a cyst with- 


The bone lesions had been 


in the bone and embedded in dvs- 
plastic fibro-osseous tissue. All sorts of 
combinations and variations in the 


proportions of the above types of tis- 
sue are encountered, but the basic and 
predominant substance is fibrous con- 
nective tissue containing metaplastic 
bone in variable amounts. 

The important matter of the absorp- 
tion of preformed normal bone has not 
been often. 
and cortical bone is absorbed by the 
proliferating connective tissue. The 
manner of absorption is referred to by 
Lichtenstein and Jaffe’ as erosion, and 
by Falconer, Cope, and Robb-Smith*® 
as attrition. The appearance is that of 
marginal reduction of the bone in the 
path of the advancing fibrous connec- 
tive tissue, without the presence of 
osteoclasts, so that the line of demarca- 


described so Cancellous 


tion between normal preformed bone 
and pathological connective tissue is 
quite sharp. The term attrition 
hardly tenable as it indicates a process 
of wearing away by friction. Erosion is 
perhaps a more suitable term to indi- 
cate the replacement of bone without 
the usual appearance of lacunar or 
osteoclastic absorption. 

In the experience of the Reviewer 
this type of absorption of the pre- 


is 
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formed bone has been consistently ob- 
served. It is quite different from the 
cortical absorption in hyperparathy- 
roidism which is osteoclastic and com- 
mences in the bone bed, affecting the 
extent and at a 
later time. Hunter and Turnbull®*, Gar- 
lock*® Falconer et al.®® illustrate 
the comparative processes well. Many 
authors state that 
osteoclastic absorption but it is diffi- 
cult 
to the absorption of preformed normal 


marrow to a lesser 


and 


there is lacunar or 


to determine whether they refer 
bone or to the pathological metaplastic 
bone. Sante et al.*® specifically state 
that the cortical absorption is osteo- 
clastic and as an illustration they us« 
a photomicrograph which undoubtedly 
demonstrates osteoclastic absorption, 
but this illustration is not identified as 
belonging to a particular case and 
besides, 


other 


periosteal 


therefore is not acceptable; 
they are at 
authors in 


variance with most 
demonstrating 
bone formation and in stating that the 
within the 


medulla and 


originates cortex 
than the that it 
does not lead to deformities. It may be 
that their 


monostotic lesions of 


process 
rather 
reterence is to localized 
uncertain status 
perhaps posttraumatic. 

In the autopsy material from the 
case reported by Sternberg and 
Joseph*’, osteoclastic absorption of pre- 
formed bone was a prominent feature. 
However, their case was complicated 
by severe hyperthyroidism, which may 
have this 


accounted for 


variant. 


histologic 


By progressive absorption the cortex 
becomes reduced to a thin laver. Ulti- 
mately it may completely disappear. 
The fibrous then 
periosteum where it continues to 
proliferate, carrying the periosteum be- 
fore it. However, there is no bony reac- 
tion on the part of the periosteum 
except in the event of fracture, and the 
the 


tissue reaches the 


surface of bone remains smooth. 
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During the process of cortical absorp 
tion, a common appearance is that of 
a thin strip of normal cortical bone 
sharply demarcated from the underly 
ing pathological 
pletely fills the underlying marrow cay 
ity. Not infrequently the pathological 
connective tissue extends along the 


tissue which com 


cortical canals for a short distance and 
by erosion there, produces a cancellous 
appearance in the deep margin of the 
cortex. As this process advances toward 
the periosteum, the same cancellous 
appearance is seen in the remains of 
the subperiosteal cortical bone. Meta 
plastic bone formation may follow 
closely on the advancing fibrous tissu¢ 
SO that 


intermingled with the remains of pre 


abnormal bone may becom 
formed normal cortical bone. 

SKELETAI Gross Ap 
PEARANCE OF THE BONES AND DEFORM 
ines. As was stated at the outset, the 
skeletal the 


rence of a solitary lesion within a bone 


DISTRIBUTION, 


lesions vary from occul 


to a widely disseminated state wit] 


nearly everv bone in the body involved 
There may be several foci within 

bone or the whole shaft of a long bon 
may be involved. Peculiarly the diseas« 
a regional and 
that all o1 


several of the bones of one limb ma\ 


shows a tendency to 


one-sided distribution so 
become diseased, or both limbs on the 
same side of the body may be attacke« 
More frequently the disease is bilater 
in the limbs, and the axial bones, ii 
cluding the skull, are often affecte« 
Even in widespread bilateral diseas 
one side of the body is usually 
affected than the other. The 
limbs are involved more often than tl 
upper limbs. The bones of the han 
and feet are not exempt. 

In 134 of the 


lesions monostotic in 28, 


mol 
lows 


cases reviewed, tl 
were 
addition to Schlumberger’s 67 cas« 
This number is by no means indicati 


of the incidence of monostotic lesic 
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in fibrous dysplasia, but because of the 
confusion with other localized lesions 
of bones, no attempt was made to sort 
them out. In only 11 cases was the 
location of the lesion strictly unilateral 
when more than monomelic. The more 
extensive bilateral and widely dissem- 
inated forms accounted for 86 of the 
cases. The lower limbs were involved 
118 times and the upper limbs 87 
times. The skull and face were involved 
52 and 31 times, respectively, and the 
trunk bones 49 times. The most com- 
mon site of involvement is the upper 
end of the femur. 

\ very important diagnostic feature 
of the disease is its focal nature in the 
skeleton. Uninvolved bones or parts of 
bones between the foci of disease re 
tain their normal structure, which is in 
striking contrast to hyperparathyroid- 
ism in its effects upon the whole skele- 
ton, bv the process of absorption ot 
bone. This was strongly emphasized by 
Hunter and Turnbull*®® in 1931 and re- 
emphasized by Albright et al.4 in 1937. 
It was the focal nature of the disease 
which led Albright to use the word 
disseminata” rather than “generalizata” 
n the titles of his papers. 

From the microscopic description the 
gross appearance of the bones can be 
inticipated. An affected bone may re- 
tain its normal bony structure and show 
mly a focal replacement of the marrow 
»v a solid fibrous mass containing more 

less bone, or, still retaining its nor- 
nal outward form, the cortex may be 
hin due to erosion by the expanding 
ibrous or fibro-osseous mass or the 
one may become enlarged and_ ir- 
egularly expanded. A common descrip- 
on is that the periosteum is intact and 
ormal or slightly thickened. The ex- 

osed bone may be pale, pink, or 
vanotic. The cortex is thin or may 
ive disappeared and the whole width 

the bone is composed of a tough, 
ft or firm, white or brown fibrous- 
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like tissue, more or less vascular and 
nearly always gritty as a result of new 
bone formation within it. Areas of 
marble-like bone may be encountered. 
The texture of this tissue varies widely 
en masse or in different areas. Usually 
it cuts easily with a knife; it may be 
softer than normal bone but still hard 
enough to require the use of a chisel 
or saw for cutting it; or it may be so 
hard as to turn the edge of an enter- 
otome. In the case of marked curva- 
ture of the long bones, the concave 
side as a result of increased stresses 
usually is much harder and denser than 
the convex side. Not infrequently the 
soft gritty tissue is spotted by small 
hemorrh: iges. Islands of cartilage may 
be recognized and sometimes they are 
heavily calcified. Cysts of various sizes 
may be encountered and they are al- 
wavs embedded in fibrous or fibro 
osseous tissue. 

Replacement of the cortex causes a 
tendency of the long bones to bend, 
but because of the solid nature of the 
fibrous tissue, strengthened by the ad- 
dition of new bone, the bending bone 
may still support the body weight even 
though the deformity be very great*’. 
On the other hand, if the tempo of the 
process is slow and ossification keeps 
pace with the fibrous replacement of 
pre-formed bone, there occurs little or 
no bending deformity but only that of 
hyperostosis in the form of abnormal 
bone. At the same time progressive re- 
placement of the cortex by tissue of 
lesser strength, sometimes aided by the 
formation of cysts, commonly leads to 
repeated fractures, often without much 
displacement because of the tough na- 
ture of the central dysplastic tissue in 
the bone; indeed, they may occur with- 
out loss of supporting 
Fractures were recorded in 102 cases, 
some of which had sustained as many 
as 8. Almost invariably the fractures 
heal readily. 
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rhe most common deformity is the 
bowing outward of the upper end of 
the femur, often coupled with a marked 
coxa vara, producing appearances re- 
ferred to as hockey-stick, shepherd's 
crook, jug-handle, and boomerang. The 
tolding of the trochanter against the 
ilium often interferes with abduction of 
the limb and produces a scissor dis- 
placement of the thighs. The Reviewer 
has seen a figure-of-S deformity result 
ing from this process with addition of a 
lateral | -bending of the legs. Deform- 
ities of the lower limbs may, as in the 
case of Murray et al.*°, almost defy de- 
scription. The epiphyses are usually 
spared, but occasionally they may be 
involved, interfering with growth*. The 
Reviewer has seen shortening of a fe- 
mur by 2 inches, the result of involve- 
ment of the epiphy ses at both ends of 
the bone. On the other hand, over- 
growth in the length of an involved 
bone was reported in 7 of the cases re- 
The Reviewer raises 
the question as to whether the elonga- 
tion is due to the disease or is the re- 
sult of fractures. It is well known that 
in the case of fractures of normal bones, 
elongation often occurs!*. Six of the 7 
cases had sustained fractures of the 
elongated bone, but Ivimey 's case®? had 
had no fractures and Revers’ case™ 
showed unusual elongation of the af- 
fected leg bones. Considering the ex- 
panding nature of the lesions and the 
often great extent of involvement of a 
bone, it is reasonable to the Reviewer 
that elongation as a result of the mas- 
sive growth of pathological tissue 
should be expected, yet the factor of 
fractures cannot be ignored. There is 
1o reason to believe that elongation of 
individual bones is due to epiphyseal 
overactivity. 

[The lesions in the skull usually as- 
sume a hyperostotic state. In only one 
of the cases reviewed was the skull 
cystic’*. Commonly the base becomes 
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greatly thickened and dense and bulges 
upward into the cranial cavity. The 
vault also thickens chiefly by replace- 
ment of the outer table. The process 
may be diffuse with the head enlarged 
symmetrically or it may be focal caus 
ing marked asymmetry. Large occipital 
and frontal bulges are common. Ex- 
tension forward leads to facial de- 
formities and obliterates the sinuses 
and the nasal passages, separates the 
eves, and displaces them in a vertical 
or horizontal plane and may caus 
proptosis. Encroachment upon the fora 
mina in the base of the skull may lead 
to optic atrophy and diminution in 
vision and hearing. Impaired vision was 
recorded 8 times in the cases reviewed 
In Ivimey’s case*’, the boy was totally 
blind and partially deaf. The 2 cases 
reported by Falconer et al.*” were re 
ferred because of poor vision. Optic 
atrophy, choked dise and evidence of 
interference with the optic chiasma 
and obliteration of one cavernous sinus 
were found. Compression of the spinal 
cord from an expanding lesion in a 
vertebra, twice requiring an operation, 
was reported by Jaffe®*s. 

The bending of the long bones 
coupled with curvatures of the spine 
and deformities of the skull and face 
may give rise to grotesque deformities 
seen in no other condition. 

Sarcoma is not a common complica 
tion of fibrous dysplasia of the bones 
yet its occurrence is frequent enoug] 
to warrant suspicion of its presence 
when there is apparent reactivation of 
an old lesion in an adult. Elmslie®®, ir 
1914, described a case of sarcoma anc 
referred to 2 others. Knaggs®® recorde: 
the development of a sarcoma in the 
femur of a 53-year old man with mono 
melic fibrous dysplasia which com 
menced in early childhood. Alldredg 
and Coley and Stewart*® each reporte 
2 cases and Jaffe®* described anothe: 
Platt®°* described 2 cases, and in 
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survey of 170 cases of sarcoma of the 
bones found that 2 of the tumors orig- 
inated in dystrophic cysts which had 
been present for sever ul years®, 
SKELETAL RaprocrapHuy. It can be 
presumed that lesions composed of fi- 
brous, or noncalcified fibro-osseous, tis- 
sue and confined to the marrow cannot 
he detected radiographically, but with 
the appearance of calcification of the 
osteoid, the normal pattern of the over- 
lving cortex becomes obscured and 
there is developed a localized medul- 
lary opacity varying according to the 
pattern and distribution of the new 
bone and its calcification. One may find 
then the dense homogeneous opacity of 
heavily calcified close-meshed honey- 
comb bone or the ground-glass appear- 


‘ance of close-meshed, trabeculated bone 


or translucent areas of fibrous tissue 
ilternating with the opacities of calci- 
fied bone. As cortical absorption pro- 
gresses the appearance will be that of 
the above covered by a thin cortex, and 
vhen the bone expands the cortex will 
be still thinner. With complete absorp- 
tion of the cortex the diseased core will 
be covered only by the periosteum with 
10 distinction between cortex and 
nedulla. The appearance of the bones 
has been variously referred to as 
ground glass”, “smoky”, “powdered 
halk”, “billowing”, “smoke clouds”, or 

“filigree”. The alternating areas of 
translucency and increased opacity has 
ven stressed by Albright et al.* as dis- 
tinctive of fibrous dysplasia and unlike 
he preponderant reduction of bone in 
\vperparathyroidism. 

\ long bone may expand to 2 or 3 
imes its normal diameter and is usually 
rregular. A flat bone may increase 6 
o 8 fold or more in thickness. The 

hickened and irregularly hyperostotic 
ault of the skull, chie fly as a result of 
eplacement of the outer table, simu- 
ites that of Paget’s disease and ac- 
ounts for the cases reported as juvenile 
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Paget’s disease. The occipital and 
frontal bulges and the grossly _thick- 
ened, dense, hyperostotic base are all 
verv characteristic. Involvement of the 
face bones in hypo- or hyperostosis 
with or without expansion, and the en- 
croachment upon the sinuses and dis- 
tortion of the teeth arrangements are 
also characteristic and give rise to leon- 
tiasis ossea. The lamina dura of the 
teeth, unless directly involved, is not 
altered as in hyperparathyroidism. An 
important feature is that uninvolved 
bone is normal. The bending deform- 
ities, the distribution of the lesions, and 
the precocious bone growth have been 
referred to pre viously. Worthy of spe- 
cial mention is the very common de- 
formity of the upper end of the femur 
which bows outward as it is enlarged: 
coxa vara becomes more and more 
marked so that the limb may shorten 
as much as 5 inches. The bowed long 
bones usually show bony condensation 
along the concave margin. Recent or 
old fractures, partial or complete, and 
often with little or no displacement, are 
another common finding. There is no 
periosteal reaction except at sites of 
fractures. Appearances resembling 
Looser-zones have been described by 
Curr** and by Hernberg and Edgren*” 

Extra Skeletal Features. 
rION OF THE Skin. Patchy pigmentation 
of the skin, in small or large, single on 
multiple areas of brown, café-au-lait, 
or yellowish color, commonly accom- 
panies the skeletal lesions. In the 256 
cases reviewed, it was recorded 79 
times. Its occurrence increases with the 
severity of the disease and it is nearly 
always present in those with precocious 
pube rtv or widely disseminated skele- 
tal lesions but usually absent in limited 
bone involvement. In the 90 cases 
Lichtenstein and Jaffe®’ reviewed, it 
was recorded 32 times, but in Schlum- 
berger’s 67 monostotic cases** it was 
absent in all. With increasing aware- 
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ness of Albright’s syndrome, the fea 
ture of pigmentation is less likely to be 
overlooked Dockerty et al.’ and Prot 
fitt et 


ot lesse l 


record its presence in cases 
skeletal 


observed it in 


involvement and 
with 
The back. buttocks 


and thighs, shoulders, chest, neck, face, 


Bennett cases 


monostotic lesions. 
and scalp are the more common sites 
of pigmentation in that order of fre- 
quency. It mav occasionally occur on 
the hands, lips, and buccal mucosa™ 


100 Albright et al.*' 


the irregular margins of the patches as 


emphasized 


compared to the regular contour of 
the pigmented patches in the skin in 
von Recklinghausen’s neurofibromato 
sis. The same authors also drew atten 
tion to the 
tation to be located chiefly on the same 
side of the 


bone 


tendency for the pigmen- 


body as that of the major 
When 


noted 


involvement present. it 


had usually been when the 
patient was first seen. Commonly it is 
stated to have been present since birth 
but not in a single case under review 
has the 


tive of this. On the other hand in cases 


medical attendant been posi 


under observation, it has been recorded 
as appearing at 2 vears of age*!. The 
earliest time at which the patches have 
observed is that 


heen reported — by 


} . 
pigmented 


3 and 4 


recovery 


Braid who noticed 
2 of his cases at 
atter from 


icterus gravis neonatorum. Others have 


patches in 


months of age 


recorded their appearance between 4 
and 24 


have been observed to spread"! There 


ib. 90. 98 


months?! The patches 
are a few reports on the pathology of 
the skin® and onlv hvnermela- 
nosis of the epidermis and a few 
underlying chromatophores have been 


found. No skin 


nerves has been observed. In none of 


abnormality of the 


the cases reviewed had pigmentation 
drawn attention to the disease. Its pres- 
ence, in the absence of neurofibroma- 
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tosis, suggests the existence of fibrous 
dysplasia of the bones. 

BLoop Cnuemustry. It has been gen- 
erally believed that 


phosphorous levels in the blood serum 


the calcium and 


are normal and that a negative calcium 
balanee does not occur in fibrous dys- 
plasia. In the cases under review cal 
estimations reported as 


cium were 


normal in 95 of the 124 cases in which 
the tests were done. In the remaining 
29. levels 


per 100 ce. were recorded. Higher fig 


between 11 and 13.8 mg 


ures were twice reported, 19.8'8 and 
S81 
in 13 of the 97 cases on which estima 


Figures for phosphorous levels 


tions were done were between the 5 
and 6 mg. per 100 ce. level, and in on 
the figure was 8°. Occasional figures as 
low as 1S were recorded. In view of 
the great preponderance of normal o1 
high normal figures for calcium and 
phosphorus levels in the serum, tests 
should be repeated if unusual figure 
That 
dysplasia may be in negative caleiun 
balance is attested by the fact that of 


the 29 cases on which calcium balance 


are obtained cases of fibrou: 


were carried out, 7 were losing cal 


cium. Albright and Reifenstein® poi 
out that excessive calcium in the urin 
does not differentiate between fibro 
dysplasia and hyperparathyroidism. 

persistent negative calcium balance 

the presence of normal serum calciur 
and phosphorous values in a case r 
ported by Garlock* led to a secor 
exploration for a parathyroid tum« 
even though all other features, inclu 
ing those of a bone biopsy, were cha 
acteristic of fibrous dysplasia. 

The figures for alkaline phosphata 
content of the serum were high in 
of the 74 cases tested. In 12 they we 
between 20 and 64 Bodansky units 
equivalents. 

There were no consistent alterati: 
tests of the blo: 
but in 3 cases reported by Snapp 


in other chemical 
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md 2 by Summerfeldt and Brown** 
there was an elevation of the choles- 
terol levels in the blood serum above 
iormal and in the 2 latter cases there 
was a decrease in carbohydrate toler- 
- 

Features. females, 
precocious menstruation is a common 
wecompaniment of the skeletal lesions 
ind is usually associated with pigmen- 
tation of the skin. Secondary sex char- 
icters appeal concommitantly with or 
shortly after menstruation. and some- 
times precede it. Among the cases re- 
viewed 37 manifested precocious sexual 
levelopment In 34 premature men- 
truation had occurred. Its earliest ap- 
age of 4 months". 


pearance was at the 
In one case secondary sex characteris- 
tics were present in a 10-vear old girl 
vho had not menstruated: in another 
econdary changes appeared at 4's 
ears and disappeared at 5 years with- 
Sexual maturity has 


heen attained as anal as 44 vears7a-b, 


menstruation’ 


\fenstruation is usually not painful and 
is always irregular until normal puber- 
tal age when it usually assumes the 
iormal cevcle In one case ot pre- 
ocious menstruation, menses 

ised at the age of 15 and did not 
ecur until the girl was 18 vears old’. 
Sexual precocitv is not incompatible 
vith normal maturitv, as 4 of tbe 
ases reviewed bore normal children 
Albright and 
Reifenstein® point out that the prema- 


itter marriage 


ture menstruation is not accompanied 
Vv cramps because there is no secre- 
torv activity of the endometrium. In 2 
ises that came to autopsy, no evidence 
ovulation was found in the ovaries® 
Albright ef al4°" discuss the endo- 
rinological features at length. They 
oint out that follicle stimulating hor- 
ione is produced prematurely but not 
1 excess and that luteinizing hormone 
not produced prematurely. How- 
ver, Cases of precocious sexual devel- 
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opment in the male have been reported . 
in the literature. Sometimes the reverse 
of precocity occurs in both sexes and 
sexual development is retarded**°*, In 
one the cases reported by orty 
et al“, on labium was enlarged at 3 
vears. There were multiple bone lesions . 
and pigmentation of the skin. Me ‘nstru- 
ation did yot appear until the patient 5% 
was 12 years of age. Kurzrok"* re ported A e. 
sexual precocity commencing betvecen< 
6 months and 18 months of age in 
3 girls who had neither skin pigmen- 
tation nor demonstrable bone lesions. 
The precocity was loeked upon as 
functional as there was no endocrine 
or central nervous svstem disease to 
y. Whether 
represent an incomplete 
form’ of Albright’s syndrome js prob- 
lematic. Bone lesions might have’ ap- 
peared at a later age. 

In the male sexual precocity is very 
much less common and was recorded 
]4,28,39 106 


account for the precocity. 
these cases 


in only 5 of the cases reviewec 
As in the female, occasional retarda- 
tion of puberty and hypogenitalism 
may occur*’, In the case reported by 
Moehlig and Schreiber™*, the adoles- 
cent hoy manifested gynecomastia and 
other fe minine features and in Revers’ 
case*t a degree of dystrophia adiposo- 
genit: ali was present. In both of the 
cases of Falconer, Cope and Robb- 
Smith*® features of acromegaly were 
reported; the jaw was prognathous, the 
hands and feet were unduly large, and 
the tongue was overgrown. In a boy 
of 13 the left breast was enlarged and 
the left testis was twice normal size’, 
Acceleration of growth and advance 
in skeletal age are often manifest in 
childhood. Another common. sign of 
somatic precocity is premature fusion 
of the epiphyses, so that many of the 
adults are small of stature in spite of 
the rapid growth in childhood. In the 
cases reviewed 20 were reported as 
showing evidence of precocious skele- 
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tal development radiologically and 
several others are referred to as under- 
adults 
more common than is reported. Fal- 
Cope, and Robb-Smith*® sug- 


gest that skeletal prematurity is a more 


sized This feature is probably 


cConel 


than 


constant sign of precocity are 
sexual changes. 

Nervous SYSTEM SIGNS AND SYMP 
roms. The mechanical effects of pres- 


sure on the spinal cord and cranial 
nerves already have been referred to. 
\Mlost of the patients enjov good health 
and most were reported to be nermal 
mentally. Five patients were described 


as mentally retarded while 3. others 


were referred to as of unusually high 
intelligence. Some of the children were 


and bright 


reported is shy not very 


and subject to tantrums. Considering 
their 


S¢ hooling 


handicap and interference with 
frustration complexes are 
not unexpected, as pointed out by 
et Albright et al.’ found 


diminished abdominal and cremasteric 


Fal 


reflexes in one ot their cases. The pig 
mentation of the skin is perhaps a 
manifestation of an endocrine disturb- 
ance Hyperthyroidism was prominent 
in 3 


in 6 cases" 


and of minor degree 
16.60.98.100 

Hypertrophy of the nasal mucosa 
was a troublesome feature in a female 


case reported by Albright and Reif- 
enstein® and was considered to be an 
effect of estrin. Troublesome nose 
bleed was recorded in reports of 4 
male 


OTHER EXTRA-SKELETAI 
congenital 


FEATURES. A 
aneurysm of 
the left arm was an additional feature 
in a case of a 19-year old male with 
multiple bone lesions and _ skin pig- 
mentation®®. A boy of 13 who died of 
acute pancreatitis and came to autopsy 
had a coarctation of the aorta and a 


arteriovenous 


small aneurysm of the ascending aorta. 
The right kidney and adrenal gland 
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than normal and_ the 
testes were undersized*’. 


Whether these anomalies are part of 


were smaller 


a more widespread congenital anomal) 
or merely fortuitous is difficult to deter 


mine. 
In Euhlinger’s case’ there was a 
fibroma in the muscles of the calt 


which was described as identical with 
the fibrous tissue within the diseased 
bones. 

Etiology. In spite of all the interest 
and effort applied to the etiology of 
fibrous dysplasia, no satisfactory ex 
planation of the cause of the disease 
has vet been offered. 

That fibrous dysplasia has often bee 
mistaken for hyperparathyroidism is at 
tested by the fact that 31 of the cases 
reviewed had been fruitlessly subjected 
to surgical exploration for parathyroid 
tumors. In several cases the operation 
was repeated. Fibrous dy splasia is not 
due to hyperparathyroidism. 

There is no evidence that the diseass 
fibrous dysplasia is Hereditary or famil 
ial, nor is there any positive proof that 
any of the manifestations of the diseas: 
are congenital, even though most of the 
theorists believe that it is due to som 
sort of congenital defect. 

Braid?» in 1939 built up a theory o 
liver disorder as a cause of the disease 
because the 2 patients whom he re 
ported suffered from icterus gravis ne 
But 
icterus gravis neonatorum has been dis 


natorum. since the true cause ¢ 
covered, his theorv can be discarded 
Lichtenstein® and Lichtenstein an 
Jaffe*? contended that the disease as 
whole represents a congenital anoma! 
and that the skeletal lesions, in partic! 
lar, are due to a perverted activity 
the specific bone forming mesenchym 
Moehlig and Schreiber** invoked 
hereditary dyspituitarism as a 
and explained the unilateral distrib 
tion of the skeletal lesions on a basis 


cau 


unbalanced chromosomal aberration 
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Albright} and collaborators** re- 
garded the localization of the skeletal 
lesions as precluding an endocrine or 
ese basis for the primary cause 
of the disease and suggested, after 
thorough study of their cases, that the 
whole syndrome may be the expression 
of an embryological defect or of a dis- 
seminated neurological disturbance, the 
gonadal and other endocrine anomalies 
resulting from afferent nerve impulses 
from the hypothalamus to the anterior 
ituitary gland. The endocrinology they 
discussed at length, and in support of 
their theory quoted MacMahon, who 
found at autopsy in his case a dis- 
crepancy in the size of the mammillary 
bodies and a disturbance in the distri- 
bution of nuclei in the hypothalamus. 
ln the cases of Sternberg and Joseph" 
ind Coleman®*, however, no abnormal 
onditions were found in the brain. 

Thannhauser'’’ suggested that the 
endocrine disturbances were the re- 
sult of pressure on the base of the brain 
by the thickened base of the skull. 
\mong the cases reviewed, most of 
those with sexual precocity showed in- 
olvement of the skull, but Albright‘, 
Snapper Parisel®, Robson and 
and stated specifical- 
vy that in some of their cases with 
exual precocity the skull was not in- 
olved. In several the skull was not 
nentioned, and in many with skull in- 
olvement no endocrine disturbances 
vere reported. 

Sternberg and Joseph 


97 


rejected the 
dea that a developmental defect can 
xplain the sequence of events ob- 
erved in fibrous dysplasia. They ex- 
essed belief that the syndrome is the 
esult of a complex endocrine disturb- 
nee and that the bone lesions can be 
xplained on the basis of a disturbance 
f metabolism. They invoked the idea 
f a local tissue susceptibility to explain 
» focal and regional distribution of 
» bone lesions. 
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Thannhauser attempted to show 
that fibrous dysplasia is but a manifest- 
ation of von Recklinghausen’s neuro- 
fibromatosis while Snapper and Pari- 
and Snapper*? believed that their 
cases were due to xanthomatosis with- 
out Hand-Schiiller-Christian syndrome. 
However, both these ideas were pretty 
thoroughly discredited by Jaffe®*> and 
\lbright® in defending the position of 
fibrous dysplasia of bone as an entity. 

Helfet®! put forward the hypothe sis 
that fibrous dysplasia is the result of 
chronic hyperparathyroidism caused by 
hyperphosphatemia. On this basis he 
proposed the administration of alumi- 
num acetate or gluconate to precipitate 
part of the phosphate in the bowel 
order to prevent its absorption. Helfet 
recorded favorable results of this treat- 
ment in a small group of cases. 

Murray, Kirkpatrick, Forrai*® 
lent little support to the view that the 
skeletal changes result from primary 
perversion of the bone forming mesen- 
chyme. They believed that the bone 
lesions are due to some extra-skeletal 
disorder of calcium—phosphorus metab- 
olism, a part of a congenital anomaly 
with an incidental loc alizing mechan- 
ism. 

Schlumberger** in his report on 67 
cases of monostotic fibrous dysplasia 
concluded that monostotic fibrous dys- 
plasia is not a congenital anomaly, and 
etiologically probably has nothing in 
common with the form of fibrous dys- 
plasia found in Albright'’s syndrome. 
He felt that it probably represents a 
disturbance of the normal reparative 
processes following any of a variety of 
bone injuries. The exact mechanism of 
cause and effect he admitted is not 
clear. He further presented evidence 
which suggests that the so-called ossi- 
fying fibroma and nonosteogenic fi- 
broma of bones are but variants of 
localized fibrous dysplasia. 
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Conclusion. Fibrous dysplasia of the 
bones appears to be a distinct disease 
entity, the cause of which is not vet 
known. The peculiar skeletal lesiotis 
leading to fractures and severe expan- 
sile and bending deformities, the fre- 
quently associated pigmentation of the 
skin and endocrine disturbances; the 
appearance of the disease in early life 
and its preponderant activity during 
the growth period have been respon- 
sible for a number of different etiologic 
theories, most of which favor some sort 
of congenital anomaly. 

The localization of monostotic lesions 
of the nature of fibrous dysplasia pre- 
sents another problem. The Reviewer 


is of the opinion that the skeletal les- 
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ions of fibrous dysplasia as they ap 
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Wroorinc cough holds a traditional 
ace among “the common communi- 
able diseases of childhood.” The gen- 


eric use of that term implies that the 


a number 
f common epidemiological attributes. 
or one thing, all of the illnesses are 


liseases in the group have 


inticipated as a usual experience of 


ersons living in an ordinary environ- 
ient; and secondly, infection occurs 
elatively early in life. Since the term, 
ommon communicable diseases of 
hildhood. specifies disease, the infec- 
ious process should be clinically def- 
‘ite and commonly classical in_ its 
ianifestations. Other infectious agents 
ay be as ubiquitous, but not so regu- 
urly productive of recognizable dis- 
ise, expending a goodly part of their 
ree in Inapparent or subclinical in- 
ction. Because of the prescribed 
nitation to childhood, these diseases 
e clearly immunizing, leading to more 

less permanent resistance and a gen- 
il absence of second attack. Finally, 


the diseases are benign, for with attack 
so nearly universal, man would other- 
wise scarcely have survived. 
Currently, and in the United States, 
measles, mumps, rubella, chicken pox 
and whooping cough are the 5 diseases 
included in the group. However, the 
history of epidemic disease is sufficient 
proof that at other times and in other 
places the list has differed. Two cen- 
turies ago, when “most born in London 
have smallpox before they are 7, 
variola was if anything a commoner 
disease of childhood in Britain than 
measles. Typhoid fever in Greece is 
today’ so frequent among children 
as to suggest its inclusion among child- 
hood diseases of that country; and ma- 
laria would be a choice in many lands. 
Diphtheria, poliomyelitis, and menin- 
gitis are equally common infections of 
childhood but are by no means common 
diseases in the sense of measles and 
mumps. Inapparent and atypical infec- 
tions are a strong feature of all three; 
(333 ) 
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and the frequency among adults also 
gives evidence of a more limited dis- 
tribution in childhood. Scarlet fever oc- 


curs more frequently in the United 
States than any of the three just men- 
tioned, but again has a goodly com 
ponent of inapparent infection, and 


many persons escape entirely. Furthet 
more, an attack of scarlet fever immun- 
izes only against an eryvthrogenic toxin 
and not against streptococcal infection 
Smallpox has disappeared from consid 
eration as a disease of childhood. 


Roseola infantum, infectious mono- 
nucleosis and infectious hepatitis are 
too ill-defined epidemiologically to b 
placed securely. Roseola infantum 
might well be included in the group 
were better clinical recognition possibl 
and reporting practiced, for the disease 
childhood 


he appre ciable incidence of infectious 


is limited to infancy and 
hepatitis and infectious mononucleosis 
among voung adults suggests that both 
are more like diphtheria of today than 
measles. being neither so common not 
SO cle arly characteristic ot childhood 

As causes of death in childhood, the 
diarrheas and dvysenteries along. with 
the pneumonias rank higher than any 
other infection. Thev are frequent dis 
universal: and 


eases but not so nearly 


they are neither immunizing nor char 
acteristic of childhood. 

W hooping cough, like other mass dis 
eases of human populations. conforms 
in its origin and behavior to the basic 
biologic laws of ecology**. Its inclusion 
among common communicable diseases 
of childhood is indication of epidemio 
logical features more or less common 


Neverthe- 


less, within that group and among mass 


to the five diseases named 
infections generally, whooping cough 
occupies a position that in many re 


spects is anomalous**, sometimes in 


dividual and distinctive, and occasional 


lv surprising in the form it takes. The 


severity of whooping cough, for in- 
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much underrated. both in 
the direct and the indirect damage it 
the health 


sistance ot voung children? 


stance, 1S 


growth and re 
\gve dis 


tributions are atypical and sex difler 


causes to 


ences unique. Deaths are inordinately 
frequent among infants aged less than 
one year. As a world problem ot pri 
school children whooping cough is in 
the rank ot 


whether classed as common o1 


tront acute intections 
uncom 
mon diseases. School children lose mor 
days from whooping cough per cas 
than from any other infection. Despit 
all this, the disease 


lightly regarded by the public and also 


continues to be 


by many physicians 

Epidemiologists have never accorded 
pertussis the attention it warrants. The 
pathogenesis of the disease, the avail 
able knowledge of the infectious agent 
and the nature of immunity reactions 
that the epidemiological 
havior of whooping cough should bi 


easy to predict; but whooping cougl 


suggest 


does not alwavs behave according t 
expec tation. Curious paradoxe S are en 
countered, both in relation to other dis 
eases, and as pertussis behaves in vari 
ous regions. The curious epid miolog 
of whooping cough is matched by its 
curious history 
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History OF WHOOPING 
Hippocratic writings®* 
tions of mMuUuMps so detailed as to estal 
lish epidemic parotitis as scarcely 
changed from that day to this. Other 
of the common diseases of childhoo 


ick ntified in olde r 


can be readily writ 
ings, notably the account of measles b 
Rhazes" 
The 


Ballonius® 


but not so whooping cous! 
first adequate dese ription is | 
who presented the disea 


He toc 


pains to note that he knew of no prey 


as it existed in Paris in 1578 


ous writings, but he spoke of his Tuss 


well established diseas 
lates 


sources with equal lack of success. ar 


Quinta as a 


Creighton?" searched availal 
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no one has been able to date whoop- 
ing cough more remotely than a few 
decades before 1578 Creighton con- 
cludes with good reason, however, that 
whooping cough was not then a new 
disease, but merely new to doctors; and 
that in all probability it had existed for 
a long time. Sydenham!'** in 1679 intro- 
duced the name pertussis. Not until 
the eighteenth century is a succession 
of accounts of whooping cough met 
with. It is unusual that such a distinctly 
marked disease should have had no 
earlier record. If as common as it is 
now, its place in infant mortality should 
have been great. 

Whooping cough was introduced in- 
to the American colonies at an early 
date, just when is not known. At least 
in 1649 the ge of Plymouth fasted 
mn Nove mbe I 
epidemic ce the children of chin 
cough and the pockes;""" and Noah 
Webster!** states that ‘Hooping cough 


. because there was an 


prevailed in many parts of the coun- 
try in 1791". An early American des- 
ription of the disease, entitled An Es 
say Concerning Tussis Convulsiva or 
Whooping Cough, was by Benjamin 
Waterhouse! (1822). 

Radbill''® gives interesting informa- 
tion on the origin of the various names 
by which whooping cough has been 
known, and tells of superstitions and 
treatments in vogue during ~~ vears 
The monographs of Sticker" (1911). 
 Pospischill in Vienna''* (1991) and 
the recent work of Lapin™ are other 
ources for the history of whooping 
ough. 

WHoopinc CouGH AND OTHER ACUTI 
OMMUNICABLE DISEASES OF CHILD- 
oop. The data on cases and deaths to 

had from official reports of health 
lepartments serve as one means to 
idge the relative position of whooping 
ugh among other acute communi 


ible diseases of childhood: and addi- 
onally to determine the absolute 
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weight of the disease as a tactor in 
the health of children. Deaths from 
whooping cough were first reported in 
Britain through the London Bills of 
Mortality, in 1701. They have been re- 
ported in the United States for variable 
periods, depending on the year when 
political units were admitted to the 
Registration Area established in 1880. 
In a few instances, morbidity records 
are available for certain states and cit- 
ies since 1910; and for the entire coun- 
try, with the exception of two states, 
since 1925. Prior to these dates the dis- 
ease was not reportable in most states. 
The demographic data have inhereut 
and serious limitations. 

Deaths are reported with relative 
completeness, but not necessi irily with 
exactness. A comprehensive — survey 
showed that 36.7% of deaths from 
whooping cough were reported not as 
whooping cough but as due to other 
causes, principally pneumonia. 

Case reporting is notably incomplete 
and for whooping cough varies from 
3% to 640 in some few communities* 
In most localities and over the years, 
the level of reporting has improved, a 
factor to be considered judging ap 
parent increases. Relative frequencies 
are difficult to determine from reported 
cases, because some diseases are well 
notified and others poorly. Numbers of 
reported cases are consequently with- 
out much value in judging morbidity 
over an extended period, and for short 
periods the data may reflect the wide1 
fluctuations but do not necessarih 
measure them®?. Other epidemiological 
information is often of more value in 
determining the extent to which a popu- 
lation is affected by a disease, and 
assessing the manner in which it moves 
through a community. With under- 
standing of these limitations, existing 
data of the United States during recent 
vears are examined with the purpose 
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of relating whooping cough to other 
acute infections of childhood. 
Mortality of Selected Diseases. Age 
specific death rates for acute communi- 
cable childhood in the 
United presented for the 
available years of the past decade, 
Table | 


cough 


diseases of 


States are 


Under age 1 year, whooping 
caused almost 3. times 
than the sum of all 
listed in the table. At ages 1 to 4 vears, 


rates for diphtheria and whooping 


more 


deaths diseases 


cough were equal, but much in excess 
of the others. The rates for measles, so 


commonly coupled with those of 


whooping cough in epidemiological 


PrABLE | ACUTE COMMUNIC 
SPECIFIC MORTALITY RATES PER 
TRATION AREA, 1940 TO 1948 

Disease 
ping cough 64.0 
Measles 10.9 
Mumps 
Chicken 
Rubella 
Scarlet fever 0.7 
Diphtheria 
Poliomyelitis 1.8 
Meningitis 
Source Vital statistics of 


ment of Commerce and Federal Se« urity 


interpretation, are scarcely of com- 
parable order. For diseases of this 
class, whooping cough during the 
whole of childhood, 0 to 14 years, 


occupies first place as a cause of death, 
with diphtheria second and measles 
third 

Pertussis is also a more important 
death than 
infants aged less than one year, with 
rates of 64 and 18; and for all ages of 
childhood tuberculosis exceeds whoop- 


cause of tuberculosis for 


ing cough by an inconsequential mar- 
gin, 6.9 and 6.6 per 100,000, age spe- 
cific rates. Of all infections, only the 
pneumonias and the diarrheas and dys- 
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ABLE DISEASES OF CHILDHOOD. MEAN 


enteries cause more deaths of children 
than does whooping cough; but for 
those diseases the differences are great 
and they hold for all ages. 

The inference to be drawn 
these data is of the dominant position 


trom 


of pertussis among common communi- 
death 
among pre-school children, and to a 


cable diseases as a cause of 
lesser extent for all children aged less 
than 15 years. Much the same situation 
holds for the principal European coun 
(1946 to 1949 


whooping cough is consistently first 


tries. In recent vears 


among acute communicable diseases at 


age less than 1 vear: and also at ages 


ANNUAL AGE 


100,000 POPULATION, UNITED STATES REGIS 


i Yea 
lye 
2 1 6 
10 2 Y 9 
| 
0 oO 6 0.4 ( 
) 0 
19 O8 
28 os 10 
United States, U. S. Depa: 
Ager 
under 5, except for the Netherland 
and Switzerland where diphtheri: 
heads the list!®°>. 
Morbidity. Because of the state 


limitations inherent in reported cases 
current behavior of these diseases as 
group is illustrated by data of as 
lected community where reporting h: 
been long practiced and is well estal 
lished. The information provided b 
Massachusetts serves the purpose, Fi 
the 10-year period, 1940 to 49, tl 
mean annual values for reported cas 
and rates for total population are s 
forth in Table 2. 
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Whooping cough ranks fifth in fre- 
quency of reported cases. Using the 
method of Feemster**, to whom we 
are indebted for many of the data here 
presented, in order to judge complete- 
ness of reporting, cases of whooping 
cough notified in Massachusetts rep- 
resent 18% of infections that actually 
occur. That is also the precise figure 
determined by field survey in Mary- 
land!48 

EPIDEMIOLOGICAL TRENDS IN WHoop- 
ING CoucH IN THE UnNtrep Srates. For 
more than 50 years, death rates from 
whooping cough have consistently de- 
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1930 were a third of what they were in 
1861 to 1870, and for 1945 to 1949, one- 
seventeenth'*'. The trend in Canada* 
has followed the same pattern. 

In searching for the causes of such 
a generally more favorable situation, 
the first inclination is to look for an 
altered character of the _ infectious 
agent. No evidence exists of a lesser 
virulence; whooping cough, when it 
occurs, presents much the same clinical 
reaction as in years past. 

Specific immunization is clearly not 
the determining factor in the long-term 
trend. The declining mortality was un- 


PABLE 2. ACUTE COMMUNICABLE DISEASES OF CHILDHOOD. MEAN ANNUAL 


REPORTED CASES. AND RATES PER 


Vean 


( ases 


1949 

Disease fnnual 
Whooping cough 6.625 
Chicken pox 15,180 
Rubella 5,946 
Mumps 10,792 
Measles 24,599 
Diphtheria 2458 
Scarlet fever 8.426 
Poliomyelitis 416 
Meningitis 197 


100,000 POPULATION, MASSACHUSETTS, 1940 


Vean 


Rates Per 
100.000 Population 


we 
© vr 


Source: Department of Public Health, Commonwealth 


of Massachusetts, 


Diseases 


clined. During the first quarter cen- 
tury the gain was satisfying but not 
great. After 1925, progress accelerated 
‘0 that today deaths from pertussis are 
6.6% of what they were in 1900. These 
general observations, based on data of 
the registration states of 1900, are re- 
flected in the behavior of whooping 
ough in selected areas where report- 
ng is especially satisfactory (Fig. 1). 
In New York City the death rate in 
1900 was 16.9 per 100,000 population; 
n 1948 it was 0.1. Massachusetts had 

rate of 12 in 1900 and 0.2 in 1950. A 
imilar situation has prevailed in Great 
sritain®, where the rates of 1921 to 


Division of Preventable 


der way many vears before vaccines 
were introduced, and the greater part 
of the gain was accomplished before 
they came into general use. 

A third possibility is that fewer deaths 
from whooping cough occur now be- 
cause there are fewer cases. The rec- 
ord of reported cases in all areas illus- 
trated in Fig. 1 shows rather the oppo- 
site situation. Cases had increased, re- 
mained stationary and then showed a 
tendency to decrease somewhat, while 
deaths consistently decreased. The re- 
corded increase in cases is probably the 
result of improved reporting. with the 
true state of affairs that the frequency 
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of whooping cough remained un- 
changed. The experience of the past 5 
vears, and to an extent of the past 10 
vears, differs sufficiently from the 
earlier trend to raise the question of a 
turn of events. The principal new fac- 
tor introduced during this period was a 
material increase immunization 
against whooping cough. A number of 


factors brought this about, among them 
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creased immunization in partial ex- 
planation of the falling attack rates 
could be tested by comparing the ex- 
perience ot Seattle and other cities 
where immunization has been empha- 
sized, with comparable cities having 
no general immunization program. 
The medical profession of Seattle has 
been especially active in promoting 
whooping cough immunization. A field 


the development of better immunizing  survey™’ in 1949 showed 69% of chil- 
a 
\ 
\ 
a: Sl Whooping Cough reported cases and deaths per 100,000 population Massachusetts 


New York Stat exclusive of New York City ind New York City 1910 to 1949 


materials, an increased interest in pre- 
ventive medicine after the war vears, a 
solid endorsement of whooping cough 
immunization by pediatricians and the 
American Medical Association Council 
on Pharmacy and Chemistry'®* and 
perhaps most important of all, the ease 
with which whooping cough protection 
could be included along with diph- 
theria and tetanus by way of the new 


triple vaccines. The validity of in- 


dren immunized against whooping 
cough by age 2 in King county. Im 
munization was more general in the 
city of Seattle, and an estimate of 74 
immunized was made for the city. Re 
ported cases in Seattle by 5-year pe 
riods, beginning in 1930, were 258¢f 
170, 174 and 56 for 1945 to 1949 pe 
100,000 population. Cases showed 

well marked shift toward an older ag 
of attack. There were no deaths in thi 
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ity of 464,853 population in 4 of the 
5 last years of this experience, an un- 
precedented circumstance in records 
that go back to 1900. 

Still another possibility is that the 
recorded decline in deaths is artificial 
and not real; that deaths formerly re- 
ported as whooping cough are now as- 
signed to some other disease, of which 
pneumonia is the most likely. No regu- 
lation or ruling of constituted authority 
is known to have been responsible, al- 
though that mechanism has induced 
changes of similar moment. Dauer*! 
explored the alternate possibility, that 
custom is responsible, but eliminated 


that consideration by proof that during’ 


the same period and at ages usual for 
vhooping cough, deaths from broncho- 
pneumonia had declined in equal de- 
gree with those for pertussis. The an- 
wer to the remarkable decrease in 
leaths from pertussis over this long 
eriod would seem to rest in a lesser 
ise fatality. 

Reliable data on case fatality are 
mong the more difficult to obtain in 
pidemiology. Emerson*'* reports as 
1937 case fatalities for cities over 
300,000 population that varied from 
0.7% to 4.3%. Data on isolated epidemics 
re to be had, such as 1.1%** for whoop- 
ig cough in a foundling home and the 
ries of endemic cases reported by 
Sako'*? with a rate 0.76%. What is 
eded is information to demonstrate 
trend over a period of years, com- 
irable to the observed data on mor- 
lity. Hospital information is biased 
nd notably open to error through 
anges in admission policy or other 
lministrative procedure. The whoop- 
¢ cough records of the Herman Kiefer 
spital in Detroit have more than 
ual value because they represent a 
-year experience under a continuing 
system of records and a fixed policy 
of admitting only severely ill patients 
or those with complications. A pro- 
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gressive and note »worthy improv ement 
in case fatality is evident (Table 3). 
For patients under 1 year of age, fatal- 
itv decreased from 42.3% in 1927 to 
3.3% for the 211 cases of 1950. 

Another source of information is the 
ratio of reported cases to deaths in a 
community. This gives a case fatality 
of variable worth, de ‘pending on com- 
parable completeness in reporting cases 
and deaths. The consistently reliable 
data of the Providence, Rhode Island, 
health department (Table 4) show 
lesser case fatality over the years, 
roughly proportional to the declining 
mortality rate. 

The reasons for the decline in case 
fatality, seemingly the principal factor 
in the better mortality rates, are now 
sought. Conceivably the answer rests 
either in an improved method of treat- 
ment, in a change in constitution of the 
herd to give a mass host with greater 
resistance, an altered agent, or finally, 
in environmental factors that enhance 
the resistance of the host or limit activ- 
ity of the infectious agent. The evi- 
dence and discussion that follow are 
directed to that end. 

Tue Curnicat Disease. This review 
is primarily concerned with whooping 
cough as a mass disease of the commun- 
ity or herd. Epidemiologists of experi- 
ence appreciate, however, that the 
point of departure in study of any 
mass disease is to know the clinical 
behavior at the bedside. 

Viewed clinically, whooping cough 
is also a paradoxical disease. The acute 
febrile illness is not to be identified by 
clinical means, for the reaction in the 
catarrhal stage is that of a number of 
other mild respiratory infections. A 
history of exposure may suggest its 
nature, and confirmation may be had 
bacteriologically, but clinical recogni- 
tion comes when the acute process is 
over, and with communicability great- 
lv decreased. The paroxysmal nature of 
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the cough and finally the whoop mark 
the disease as truly whooping cough, 
but the fever has then subsided and the 
process the acute infection of 
pertussis. Four stages characterize the 


is not 
classical disease: the period of incu- 
bation, the the 
paroxysmal stage and convalescence. 


catarrhal episode, 


The incubation period has an attrac- 
tion for the epidemiologist, as the 
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the incubation 


period Was : day De Shorter periods ol 


cough children®! 
5 davs are repeatedly observed in 
family outbreaks, but the 3-day inter 
vals recorded Stocks!" 


experience 


by 
out by field 
of 15.4£1.3 


inordinately long, and the limit of 


not 
The 
believed 
9] 


are 
borne 


value days"? is 


days is surely rare 


The catarrhal stage resembles a 


means by which to trace the source ordinary upper respiratory infection 
TABLE 38..- WHOOPING COUGH, CASES AND CASE FATALITY, HERMAN KIEFER 
HOSPITAL, DETROIT, 1927 TO 1950 
fge in Yea 
Vea 
(‘ase ( (a 
(Cases Fatality (ase Fatalit ( hat (a Fat 
1927-29 53 12.3 120 2 4 007 22.2 
1930-84 178 9 8 267 14.2 20 
1935-39 268 19 4 60) 12.2 90 724 13 
1940-44 252 16.7 248 5.8 72 > 71 
1945-49 912 5.8 205 S72 4.4 
1950 211 19 ) 2 
Total 1476 15.11 1374 9.4 3238 11 
Source: Herman Kiefer Hospital, Division of Communicable D Detroit 
rABLE 4.—WHOOPING COUGH, REPORTED CASES AND DEATHS 
PROVIDENCE, RHODE ISLAND, 1980 TO 1950 
} ears Cases Death ( Fatality 
1930-84 38679 1 36 
1935-39 £990 $1 0 62 
1940-43 4057 0.37 
1945-49 S708 
1950 18038 0 
Source Annual Reports of the Superin 
tendent of Health. Providence: 
Rhode Island 


and course of an infection as it passes 
through a community. A regularly oc- 
curring period case finding. 
while marked irregularity limits accom- 
plishment. Allowing for difficulties in 
recognizing the first signs of an upper 
the incubation 
period of pertussis is thoroughly regu- 


favors 


respiratory infection, 


lar, commonly 7 days and almost uni- 
formly within 10 davs. In 2 instances 


of experimentally induced whooping 


with somewhat more that the expect 
ot 


present, of low grade but sometim 


amount cough. Fever is usual 


4 


passing 101° during the first few day 
The catarrhal stage lasts from 1 to 


weeks and usually passes into the p 


oxysmal stage. Early recognition of tl 
event mav be aided by tracheal co 
pression which often serves to ind 


the ty pical paroxysm 
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fhe paroxysmal stage is the signifi- 
int part of the disease, although the 
nanitestations of an acute infection are 
largely past and the patient afebrile. 
the feature, 
haracteristic disease; 


distinctive and 
ot 
nuch so that clinical diagnosis has no 
lifficulties. To who appreciate 
the opportunities provided by simple 
commend Pospischill""* 
ind his clinical observations on more 


Cough is 
no other SO 


those 


liseases we 


than 25.000 cases of whooping cough. 
(he duration of the paroxysmal stage 
commonly 4 to 6 


ot 


Communicability is 


variable, 
with 


extremely 
veeks 9 to 20 
veeks less but 
evertheless persists for 2 or 3 weeks. 
Certain related 


vhooping cough have a direct bearing 


and limits 


clinical features of 
epidemiological interests. The initial 
rocess is that of a local lesion of the 
isopharynx and bronchial tree, 
superficial infection of respiratory 
Extension oc- 
and_ bron- 
The 


lesion 


ucous membrane® 

the 
to 

location 


bronchi 
the alveoli!* 
of the 


hould have the same epidemiological 


irs through 
and 
rface early 


cnihcance 
ugh 
ble 


d bevond usual conception. 


as in influenza. Whooping 
should 


disease. lt 


be a readily communi- 
is believed to be so 
A fur- 
er consideration related to pathology 
that death in whooping cough is 
commonly by 


elf but 
ondary infection with a complicat- 


means of the disease 
more often as the result of 
bronchopneumonia. 
Whooping cough is subject to many 
idations of severity. Not all patients 
ioop. Patients whoop without per- 
ssis. Atypical attacks of short duration 
not uncommon, being attended with 
e constitutional reaction and no 
oop or only an occasional mild par- 
The 


times abortive, 


Sin. 


clinical reaction is some- 
no more than a simple 
bronchitis lasting a few days and yet 
conable of bacteriological confirmation. 
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Smith'** followed an outbreak in a 
school where only 20% of patients had 
a characteristic whoop. Such attacks 
presumably occur in elderly persons 
more often than is recognize ‘d, but the 
aged also have typical disease. Absence 
of the characteristic whoop is no mark 
of a mild infection, 
are known to suffer 
tatal with 
whoop. 

Infection with H. pertussis ordinarily 
results in frank symptoms and classical 
manifestations. Evidence yet to be pre- 
sented suggests the rare occurrence of 
inapparent infection, as occurs in diph- 
theria and a number of other diseases. 
The point to be made now is that atypi- 
cal and vet clinically definite disease, 
freque tly not re ‘cognized as pertussis, 
is a considerable part of the composite 
of whooping cough as it affects popu- 
lations. Several pieces of epidemiologi- 
cal evidence enter into the proof: the 
survey data of Collins** that 73.5% of 


for young infants 
severe and even 
indication of 


illness no 


children give history of whooping 
cough by age 17 years, the finding of 
Thompson'*> that 30% of children 


without history of pertussis react to 
skin test, and finally the observed sec- 
ondary attack rates of about 80% for 
presumed susceptible children, 20% es- 
caping'**. The proportion of abortive 
and atypical cases is believed to be in 
the nature of a fourth of the total. 

\ final consideration is that not all 
cases of “whooping cough” are specific 
infections with H. pertussis, which 
leads some to prefer the name _ per- 
tussis to the old-fashioned term. That 
seems an unnecessary nicety, provided 
one knows infectious disease. Another 
disease, parapertussis caused by H. 
parapertussis**, so resembles mild per- 
tussis clinically as to be indistinguish- 
able except by labor: atory means. An 
attack by one does not protect against 
the other. H. parapertussis is wide- 


spread, having been identified in a 


number of states from California!®® to’ 


Philadelphia®’, and in Mexico. The in 
fection presumably is often overlooked 
because of the mildness of the clinical 
disease: it may well be a confusing 
factor in epidemiological studies of 
pertussis, and assuredly has caused in- 
dependent outbreaks®, Other clinical 
conditions also resemble whooping 


cough 


Epidemiological Attributes 
of Whooping Cough 


With epidemiology interpreted as 


medical ecology"® and with mass dis 
ease a phenomenon of multiple causa 
tion, the analysis of whooping cough 
as a disease of communities is devel- 
oped conveniently in terms of the eco 
logic triad which determines origin and 
course, which is to sav according to the 
infectious agent. the host as a herd, and 
the complex environment, 

Tue Inrectious AGENT. A clear defi- 
nition of the responsible infectious 
agent is of material aid in the develop- 
ment of rational control measures in 
operational epidemiology. It is also the 
theoretical basis for specific immuni- 
zation. Practical relationships to field 
activities include the contribution of 
microbiological methods to clinical 
diagnosis, an understanding of patho- 
genesis of the individual disease, and 
a knowledge of reservoirs of infection. 

\ small bacillus, H. pertussis, was 
first observed and cultured from the 
sputum of an infant with whooping 
cough by Bordet and Gengou® in 1906. 
For many years this microorganism. 
the causative agent of pertussis, was 
accepted without question. In modern 
times, three problems have concerned 
epidemiologists. 

Although H. pertussis was clearly a 
regular feature of clinical whooping 
cough, a virus was. suggested®9.9.122 


as having a dual relationship in causa- 
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tion of the disease, an hypothesis also 
entertained at that time for scarlet 
fever. Support for a single bacterial 


8.99 


origin’ of pertussis was promptly 
forthcoming. A virus was never dem 
onstrated, and H. pertussis served ot 
itself to produce the disease in man” 
and in experimental 
The demonstration that whooping 
cough bacilli dissociate in the courss 
of artificial cultivation had an impor 
tant bearing on preparation of whoop 
ing cough vaccines. A single antigeni 
type characterizes strains on primary 
On further 


cultivation the organism dissociate 


isolation from 


gradually losin 
marke¢ 


changes in antigenic. structure. The 


through phases* 
virulence and undergoing 
demonstrated need of virulent S-for 
phase-1 organisms in preparation of a 
efficient vaccine had the effect of set 
tling much of the controversy on the 
immunizing value of pertussis antigens 

\ third problem was the possibl 
existence in nature of different strain 
or types of H. pertussis, None has bee 
demonstrated. This line of investig 
tion led, however, to identification b 
Eldering and of 
related species, H. parapertussis, whic 
has common antigenic fractions wit 
H. pertussis, and Brucella bronchisep- 
ticus'’, and vet is not identical wit 
either. Major and minor specific ant 
gens were later identified®’ with det 
onstration that the minor compone: 
was responsible for the cross reaction 
H. parapertussis gives pulmonary | 
sions in mice®® resembling those of ¢ 
perimental murine pertussis. The 
demiological implications are evide 
but largely unexplored. 

Diagnosis. The nature of early cli 


cal whooping cough and the freque 
atypical course without whoop mane 
laboratory aids to diagnosis a neces 
sarv feature in early pertussis and oft 
an essential in definitive recognition 
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later cases. The cough plate?” has 
proved a useful measure for clinical 
purposes but never has been wholly 
itistactory in field practice. Naso- 
pharyngeal swabs!'' give results com- 
parable to the cough plate***. Some 
vorkers prefer dual cultures by 
both methods and others believe the 
wab superior The method is suited to 
epidemiological purposes in field study. 
specially the modification using peni- 
illin'*. Demonstration of humoral anti- 
bodies is of little practical value’ in 
liagnosis, ton they do not appear until 
the third week 
Pathogenesis. The pathogenesis of 
vhooping cough is ill-defined. The en- 
luring immunity after attack is scarcely 
ompatible with a purely local infec- 
tion of the upper respiri atory tract. If 
that were the case pertussis should 
ehave more like influenza. Since im- 
unity is demonstrably long-lasting, 
ts origin may be postul ited as de spend- 
ic on one of three mechanisms. There 
ay be a general bacteremia. H. per- 
ussis is not regularly recoverable from 
the blood, and there is doubt that it 
er has been so demonstrated!**. The 
munity conceivably could be due to 
associated virus, but that again has 
een rather well eliminated. There re- 
ains the hypothesis, clearly unsup- 
rted, of a general distribution of a 
cally formed toxin. 
The lesions of the upper respiratory 
ict in late whooping cough have little 
indicate a chronic infection of the 
ucous The long duration 
f the disease suggests a descending 
fection and this is rather well-estab- 
shed’. Wide differences of opinion 
ist as to the cause of the pathologic 
inges of the lungs, whether they are 
e to pertussis bacilli or to secondary 
aders. Evidence exists for a simple 
complicated form — of 
igh. for a descending specific infec- 
n of the lungs, and for a complicated 


whooping 
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form due to pneumococci, streptococci, 
or other intectious agents. Epidemio- 
logical correlation between a_prevail- 
ing acute re spire atory infection and an 
increased incidence of pneumonia after 
whooping cough is no uncommon ob- 
servation. The responsible mechanism 
in postpertussis encephalitis un- 
known. 

Reservoirs of Infection. Man is the 
only known source of pertussis infec- 
tion. Other than the patie nt with frank 
whooping cough, who is a regular and 
highly active source of infection, the 
question of reservoirs resolves into 
whether or not carriers exist, and sec- 
ondly the frequency of atypical and 
abortive disease. 

The carrier state needs definition. 
Transient, accidental implantation of 
an infectious agent without penetration 
of tissue may occur but has little epi- 
demiological significance. The numbers 
are too small and persistence is too 
brief. This is the true healthy carrier. 
Carriers to be of importance are one of 
3 kinds; the incubationary carrier, the 
convalescent carrier who still main- 
tains a focus of infection after clinical 
recovery, and finally the individual 
never presenting clinical manifestations 
but having an inapparent infection. 
The latter is the usually termed healthy 
carrier, but the state of infection with- 
out clinical disease is to be recognized 
by bacteriological and serological 
means. Without penetration of tissue 
and consequent food supply, the agent 
is not maintained. What is the situation 
in respect to whooping cough? 

Kline™® reviews the carrier situation 
in whooping cough. He records 4 
healthy contacts to pertussis with dem- 
onstration of 1 colony per plate and 
no mention of identifying the organism 
as H. pertussis. Blatt el al.7 isolated 
whooping cough bacilli from 3 persons 
who had never had pertussis and from 
3 others with pertussis 3 vears previ- 
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vusly. Other workers with much experi 


have identified 


ence never carriers 
among Chronic car- 
riers atter clinical attack have been 


recorded twice®:!**. The conclusion is 
that the healthy carrier state may have 
been identified on occasion, that carri 
ers by way ot inapparent infection are 
rare, and that the chronic convalescent 
carrier is a curiosity. Improved bac 
teriological methods may well enlarge 
this meager experience and prove car 
riers somewhat more common, but the 
inference is justified that carriers are 
of little consequence in the epidemi 
ology of whooping cough. 

Abortive 
simulating simple respiratory infection 


infections with symptoms 
ot a tew days duration, and the atvpi 
cal case with more severe reaction. are 
another matter. Thev are among the 
more active sources of infection, be 
cause they are unrecognized and be 
cause. the patients commonly continue 
thei the 


missed cases which enter into all epi- 


usual activities. These are 
demiological practice. Numerically they 
An esti- 
that 


> to OA 


are not without consequence. 


mate based = on experience 1S 
abortive cases constitute from 
of total pertussis disease, and unrecog- 
nized atypical cases a good 20%. Casual 
data trom field studies support the esti- 
mate 

Hosr Fac factor in 


The 


mass disease finds a ready division into 


rOR. host 
those features of resistance that are an 
innate part of man as an organism, 
termed inherent insusceptibility or aut- 
the immunity 
acquired through specific antibodies 


arcesis; and secondly, 
artificially produced or resulting from 
natural with the 
agent. A goodly part of the explanation 
for the changing character of whoop 


contact infectious 


ing cough as a mass disease, already 


broadly noted, is to be found in an 
absolute and proportional reduction in 


phy sically substandard children®’. Bet- 
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ican population, the decreasing size of 


ter nutrition, the aging of the 


families, and a falling birth rate" are 
among the factors that set in motion a 
decline in deaths which has continued 
despite more births and a larger child 
the 
uniformly satisfactory evaluation of the 


population in post-war years. A 


various host factors is impossible Sonn 


have not been studied at all and only 


impression exists, for instance the rela 


tion of cases ol whooping cough to 
numbers of undernourished, scorbutic 
and rachitic children. The cardinal fea 
tures of age, sey ind race are well 
understood 

cough compared with other infection 


of childhood, is the marked predilec 
attack ot 


\ singular feature of whooping 


and 


tion tor infants young 
children. No is exempt from 
pertussis but most humans have the 


disease early in life. So many adult pa 
tients give a history of previous attac h 
as to suggest that late primary inte 
Data on whoop 
ing cough in military practice, to b 
later that 


Table 5 gives the percentage distribu 


tions are most unusual 


introduced support VIEW 
tion of cases of whooping cough 1 


Massachusetts bv ages, for 3. selecte 
periods. For the current period mor 
than 
vears of life, and rather evenly distril 


The 


DOM. 


17% of cases are within the first 


uted. value for the early veat 


was Cases bevond 10 vears a 
always few. ¢ omparison of the 3 seri 
brings out the important observatic 
that a shift in age of attack has occu 
red, from a maximum level at age 3 
1918 to 1921 to 6 vears in 1945 to 194 
\ changing character of the populati: 
is suggested; immunization may be 
factor. 

The cited Mas 
chusetts do not hold for the country 


distributions for 
a whole. for like the other commu: 


cable diseases** whooping cough is 
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elatively more frequent disease of 
hildren under 5 vears in the southern 
‘tates than in the north. The proportion 
under | year is also greater, as illus 


trated by the experience in Alabama®! 


Despite tairly wide differences in age 


listribution from state to state and even 
contiguous states, a trend has devel 


ped ine the past 25 vears toward a 
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field surveys in 1928 to 1931, when 
whooping cough was found to attain 
maximum incidence at vears; 
measles had a double peak, one at 2 
vears and again at 5 and 6 vears; and 
chickenpox, mumps, scarlet fever and 
diphtheria had a characteristically low 
incidence in the earlier vears with a 
sharper peak at ages 6 and 7. 


PABLE S. PERCENTAGE DISTRIBUTION OF CASES OF WHOOPING COUGH BY 
AGE GROUPS IN: MASSACHUSETTS, 1918 TO 1949 


fue 


\ > 9 Over 

MIS 21 11.2 09.9 1.2 14.4 7.0 4.4 28 54.9 38.5 22 
8.4 10.0 83.3 49 99 2K FEC 460 1 

2 9:9 10.4 10.7 12:3 13:5 9:6 6.5 3.7 47.1 48.5 
Department of Pubhe Health, Commonwealth of Massachusetts, Division of Communicabl 


PABLE ¢ DEATIIS FROM WHOOPING COUGH, MASSACHUSETTS, 1945 TO lobo 
BY AGE IN MONTHS AND YEARS 


Yeur 


10 14 
AT] Aves 


Percent 
12 19 
12 16.9 
6006 
7 0 
7.0 
I 1.4 
7.3 
4.2 
l 1.4 
71 100 


Source: Department of Public Health, Com 
monwealth of Massachusetts, Divi 
sion of Preventable Diseases 


re advanced age of attack. Another 
ctor in the lesser death rates of today 
thus identified, for deaths at age 6 
far less frequent than at age 3. 
In) comparison with other acute com- 
inicable diseases of childhood and 
the country as a whole, the peak in 
e incidence of whooping cough is 
| earlier than any other. Collins** 
tablished that relationship through 


Death rates for whooping cough are 
higher in the first vear of life than at 
any other age, again a unique feature 
among common communicable  dis- 
eases. That behavior has held for at 
least 200 years“. An exaggerated fre- 
quency of deaths continues through the 
second year. Beyond the third year 
whooping cough is of little moment. 
Recent experience in Massachusetts, as 


i 
Month. 
) to 
7 
10 12 
\ 
! | ‘ 4 
| 
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Table 6, illustrates this 


point; and it has been amply establish- 


presented inh 


ed in earlier vears and by many work 
7,70,88,129b 
cance of whooping cough in the first 
in that 61% of all 
deaths are under 1 vear, and 32% under 


extreme signifi- 


vear of life is seen 


6 months. The peak mortality for the 
United States generally, is in the sec 


ond. third and fourth months of life 


For the country as a whole, deaths 
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The proportional mcrease deaths 
from whooping cough under 1 year 
while mortality rates have been falling 
presents much the same situation as in 
total 


rates have fallen but neonatal death 


general infant mortality, where 
have shown less improvement and thu 
are brought into greater relative prom 
inence. The practical value of center 
ing attention on whooping cough at 


ages under 2 years, and especially un 


37,774 


tionately since 1900. Of 
observed in Milwaukee*” from 1933 to 


cases 


1948. 7.9% of cases were under 1 vear 
ot but they 
deaths. For the last 8 vears the propor 


age contributed 72.4% of 
tion is 79.4%. The same phenomenon is 
illustrated in deaths from whooping 
cough in Massachusetts (Fig. 2) 
1920 to 1949. The shift 
deaths is opposite to that just noted for 


from 


In age for 


Cases 


EN 
4 = . 
UNDER 6 MONTHS 
| . 
20+ 
920 1925 1930 935 94 94! 
924 929 1934 939 144 349 
Fic. 2.—Deaths trom whooping cough, % of total deaths occurring under | 
6 months. Massachusetts 1920 to 1949 
under 1 year have increased propor- der 6 months, is demonstrated 


1 


Sex. No other single feature of tl 
epidemiology of whooping cough 


more anomalous than the sex distrib 


tions. both of cases and of deat] 
Attack rates and mortality rates 
females exceed those for males. 1 


observation is of long-standing anc 


holds all over the world®?!, for \ 
ous races, in urban and rural areas 
primary and secondary cases of f: 


ilies, and during vears of high and | 


PREVENTIVE 


nucidence” Recent experience for 
vhite and non-white populations in 
\lassachusetts is presented in Fig. 3. 
\fter correcting for changes in sex 
ratios with age in populations at risk, 
stocks!! that the 


found differences 
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part, as indicated by Madsen’s'’’ data, 
where females provided more cases 
but still more deaths, mortality being 
out of proportion to morbidity. 
Disproportionate differences in sex 
distribution are seen in a number of 


vere not only constant but they in- infectious diseases, such as the male 
20 
— MALE | 
—— FEMALE | 
COLORED 
94 1942 1943 1944 1945 1946 1947 1948 
1) from whooping cough by sex and color, Massachusetts, 1941 to 1948 
eased with age, so that the excess preponderance in brucellosis and 


females over males was 5% up to 
ears of age, 20% at the 8th vear, and 

by the 10th year. Differences in 
bility to attack appear to account 
the differences in mortality, but a 
ater case fatality may have some 


tularemia, but these are explained on 
the basis of occupation or other func- 
tion of the social environment. All 


other common communicable diseases 
of childhood except whooping cough 
by 


are characterized an excess of 


ots PROGRESS OF M 
males. The explanation for the inverse 
ratio in whooping cough is indetermi- 
nate. Because of the uniformity with 


which it occurs under many conditions, 
the answer should rest in an undeter 
mined host factor. The suggestion that 
the cause is to be found in the smaller 
larvnx of the female scarcely holds, for 


Hill’ points out that up to age 6 the 
sexes show no difference in size of 
larvnx, and furthermore that males 


have the higher mortality with laryvn- 
gitis and croup. The closer contact of 
be 


at those ages, but does not 


adolescent girls with children may 
i. tactor 
explain the similar behavior of infants 
So tar as the evidence goes, the expla 
of Stark'*! in 1856 is about 
good as anv. when he states that “the 
of the habilitv of the 


female to death from whooping cough 


nation as 


causes 


would appear to be produced by the 


creater tendency which the female 
sex exhibits to have fits or convulsions 
when attacked by a paroxysm — of 


coughing 

The 
man are equally susceptible to whoop- 
the United 
much the same 


Race races and nationalities of 


and thus in 
States attack rates 
the 

Negroes 

Mortality 
Fig. 3). 
death rate for Negro children under 1 


ing cough 
are 
white and_ for 


for population 


Indian, Chinese and others 


rates are another matter 


rum-* 35 years ago found the 
year to be 3 times as high as for white 
children of the same age, and for the 
l to 
greater. Conditions have not changed. 
ot 
white populations of the registration 
1941 to 1948 shows 
ratios to range from 3 or 4 to L, at dif- 


In 


rates about 6 times those 


age group t years, it was 5 times 


for our analysis white and non- 


area for the vears 


ferent ages and in various years. 


dians have 
for whites, while rates in Chinese and 
Japanese approximate the white rate*! 

The causes of the excess frequency 
of death in non-white populations are 
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not because of a greater frequency of 
cases. The greater case fatality would 
appear broadly attributable to varia 
tion in social environment and a result 
ing host constitution not so resistant to 
pertussis infection 

Immunity. The recorded frequency 


ees 


of whooping cough at such early a; 
as a week to 2 months is evidence that 
transterred 


maternally passive protec 


tion is low-grade compared to other 


common communicable diseases of 
childhood, for example diphtheria and 
measles. The high secondary attack 


rate in families proves that susceptibil 


itv exists until whooping cough ap 
pears, and that immunity is from clini 
eal attack rather than Inapparent im 
fection. Probably 95% of persons have 
pertussis in classical o1 atypical torn 


The lack of nat 


urally acquired immunity other thai 


some time during life 


by attack is also evidenced by popula 
tions where whooping cough has long 
been absent. Exposed to the infection 
old and young acquire the disease, a 
in the Faroe island epidemics’. hh 
the St. Kilda island outbreak!*” whoop 


ing cough had been absent for 2 
vears, and no one older than 29 vear 
got the disease and no one voung 
escaped, except a former resident 


Glasgow 
Intrauterine infection has been su 
gested by an infant 1 dav old. born « 


a mother with whooping cough’ 
and bv a few other scattered case r 
ports” The more usual and prol 
ably more accurate observation is tl 


appearance of whooping cough in tl 


newborn within a reasonable incub 


tion period 3 to 8 days after birth® 


117 


Too many young infants get t 


disease, and too many die, for passi 


protection of maternal origin to 
much of a factor in resistance. Te 
of maternal and cord blood'!** dem 


strate that antibodies against H 


} ) 
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transmitted="*, That 
intibodies constitute a protective me- 


are SO 


chanism would appear to be estab- 
lished by the protection afforded chil- 
dren by immune rabbit serums!*. That 
the concentration of antibodies in ma- 
ternal blood is sufficient for practical 
rotection is not so clear. Lichtv** re- 
vorts death rates for whooping cough 
infants under 6 months as higher 
vhen mothers had not had whooping 
cough, with little correlation for deaths 
iftter 6 


placental transfer of passive immunity. 


months. The suggestion is of 


suggestion followed!*4 


Phe practical 

‘of hvperimmunizing mothers dur- 
ng pregnancy. \lthough normal pas- 
ve immunity appears negligible, a 
itisfactorv protection might be devel- 
The practicability 
nd efficiency of this procedure are 
et to be 
field trial 


mmunityv is 


irtificially 


demonstrated by adequate 
However. absence of infant 
another instance of the 


nomalous epidemiology ot whooping 


ough 

Duration of immunity after clinical 
ittack is prolonged usually per- 
ianent. but not wholly so. No circula- 


ting antibody is present to account for 
the usual lasting immunity, since pro- 
ective substances tend to disappear 
vithin months after attack. 

In cl comprehensive study of 20.405 
Hav*! determined 
econd attacks of whooping cough to 
ccur in the proportion of 0.26%. As 


and 


ises Laing 


ith pertussis generally, second attack 
as more often noted armong females 
males 


han Bacteriologically proved 


istances of both first and second at- 


k are 


uirement 


rare. but that is a severe re- 


to demand of any disease. 
he usual circumstance in second at- 
cks has to do with an adult exposed 
familial infection. The newly devel- 
ed knowledge of parapertussis sug- 
sts that some instances, presumed to 


representative of second attack, 
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are in reality instances of another kind 
of infectious disease. 

\ means of measuring immunity in 
whooping cough has practical applica- 
tion first as a diagnostic aid in early, 
atypical, or late infections that are 
bacteriologically negative; in field sur- 
veys for epidemiological purposes; and 
finally, to assay potency of whooping 
cough vaccines. No entirely satisfac- 
tory method exists. In vitro antibody 
tests, which include complement. fixa- 
tion, agglutination, and opsonocyto- 
phagic tests, are not sharp’. The 
new antihemagglutinin test has prom- 
ise’. The mouse protection test finds 
its principal use in biologic assay of 
vaccines™, 

Two types of skin test material have 
been heat labile toxin*® 
and an agglutinogen''®, with the latte: 
apparently having more merit. Field 
use of the agglutinogen test in epi- 
indicated a 


used, a 


considerable 
degree of reliability, in that secondary 


demics*® 


cases occurred only in children whose 
skin tests indicated susceptibility or 
weak immunity. The test shows good 
correlation with in vitro tests for anti- 
It 


evaluating potency of immunizing ma- 


has been used also in 
terial’ and the results of vaccination 
against 149a.b 
used a skin test which he considered as 
allergic in character and a function of 
endotoxin. Children with a history of 
whooping cough reacted to the test 
in a proportion of 85%, and individuals 
without a history, to the extent of 30%, 
which was interpreted as a measure of 
the extent of latent immunization. The 
results from clinical use of skin testing 
in whooping cough are such as to war- 
rant comprehensive field trial to estab- 
lish the general epidemiological value 
of the procedure. 

ENVIRONMENT. Indication has _al- 
ready been given that the principal 
reasons for the improved case fatality 


pertussis" Thompson 


yet) 
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of whooping cough are to be found in 
changes in the mass host, and that en- 
had a prominent part 
in bringing that about. 


vironment has 

Physical Environment. Seasonal vari- 
ations in incidence are less pronounced 
in whooping cough than for the other 
diseases of the childhood group. The 
high level of sub-epidemicity, so char- 
acteristic a feature of the disease'’, is 
expressed in most cities of appreciable 
size by a continuing presence of per- 


tussis at all seasons™®, Such seasonal 
determined are of 
‘ and do not fall into 
consistent geographical groups based 


upon 


mav be 


peaks as 
low amplitude’ 
conditions® General 
that 


seasonal incidence tends to occur late 


climatic 
differences do exist. in maximal 

Pacific 
in Januarv to March 
The 


these high points to one another is the 


about Mav. in southern and 


states and earlier 
in northern states relation of 
of what has been found for 


other 


reverse 


such respiratory infections as 


diphtheria scarlet fever and measles. 


During pe riods of low prevalence, the 
] 


seasonal distribution of whooping 


cough exhibits less amplitude than 


during high prevalence, but the rise is 


always more a plateau than a peak, 
long continued, and even in northern 
states often extending into Mav or 


lune and sometimes Whoop- 
ing cough is thus characterized among 
the common communicable diseases of 
childhood by an absence of prominent 
seasonal incidence, by irregularity in 
the peaks that occur, and by the fre 
quency with which seasonal excess ex- 
tends into late spring and summer. 

The present centurv has seen a pro- 
gressive shift in the distribution of the 
common 


childhood 


distribution, as 


communicable diseases of 
rural 


deaths. 


urban to a 
judged by 


from an 


Whooping cough was the first of the 
in 1910, to show higher death 
rates in villages and rural areas®? than 


group 
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Phat behavior 
and for 


counties 


in metropolitan centers 
is now well established 
the United States as a whole 
with the highest death rates are 
sistently 


con 
rural®!, 
parallels mortality 


Morbidity in general 


Whooping cough is universal. It is 
the the habitabk 


temperate regions in 


found in whole of 
globe. in 
the tropics, although it is less common 
and less severe in warmer regions 
Severitv of climate has an influence on 
deaths** through a greater frequency 
of the pneumonias, but climate as a fa 
tor in type of disease and degree of 
spread is of secondary importance, al 
though there are 
Cevlon, Chile 


dinavian countries. [a 


exceptions such as 
and the Scan 


Paz. Bolivia. i 


Jamaica 


a noted center for whooping cougl 


with its extreme altitude, light rai 
and cool climate 
Biological Environment. Arthropod 
are not involved in the transmission of 
whooping cough nor are there natural 
the disease \ 
number of animals can be experimen 
tally infected with whooping coug! 
bacilli®*'° 
Social 


{1b 


animal reservoirs. of 


Have 1 


significant 


Environment Emet 


son has included 


factors in improved mortality fron 
whooping cough such features of th 
better 


hvgiene and better home care of chil 


social environment as hom 
found a fairly high de 
the 


of illiterates over 21 vears anc 


dren. Dauer*! 


gree of correlation between pel 
centage 
the death rate from whooping coug! 
Families with 3 or more children unde 
10 vears had high death 


strong correlation was established b« 


rates, an 


tween deaths . from pertussis ar 
crowding, as judged by more than 1 
persons per room 

The social environment is believ 


the factors th 
determine the behavior of whoopi! 
cough and many other diseases, | 


among important 
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opinion as to its actual significance 
rests largely on impression and_ not 
facts. The social environment is one 
of the least explored fields in the epi- 
demiology of whooping cough, espe- 
cially where the family serves as the 
nit of study. Such problems present 
the relation of medical care to 
deaths, the effect of social status on 
liability to mixed infection and com- 
plicating pneumonia'', and the reci- 
procal action of whooping cough and 
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try. The course of events with whoop- 
ing cough was an epidemic about once 
every 7 years and lasting from 6 to 12 


months®*®. Having burnt itself out 
through exhaustion of  susceptibles, 
whooping cough disappeared until 


enough time had elapsed for a new lot 
of susceptibles to have been born and 
again a chance importation of the in- 
fectious agent (Table 7). In 1941, Ice- 
land became a center of war activity. 
The immediate effect was an increase 


PABLI ANNUAL INCIDENCE OF COMMON COMMUNICABLE DISEASES IN 
ICELAND, 1928 TO) 1950 
Nearlet Typhoid Whooping 
) ea Diphtheria Fever Fever Mea les Mum} Cough 
1928 17 14 oh 2,293 0 258 
1929 6 10 28 5.026 998 3 
1980 9 204 28 0 1.858 10 
1981 14 336 18 325 277 
1982 10 624 65 +4 + 0 
1983 426 11 0 0 
1934 900 19 0 0 
1935 6S 109 Y4 16 0 8,267 
1986 6S 70 9 S245 16 SS 
1937 288 20 165 0 
1938 197 | 0 
1989 t 64 6 ] 0 0 
1940 33 14 l 0 
1941 9 158 t 0 197 290 
1942 11 $21 ) 5,054 4,415 
1948 63 156 6,616 601 39 
1944 l 261 340 18 7 
1945 l 65 l 8 0 129 
1946 22 28 556 
1947 ) 18 2 $596 19 15 
1948S 2 198 0 377 397 0 
1949 0 15 1.389 37 
1950 a 61 516 654 166 


‘ther mass disease, for instance tuber- 
' The opposite endeavor, to 
se H. pertussis or other highly com- 
nunicable infectious agent as a tracer 


ulosis 


lement in determining social phenom- 
na, is suggestively an equally reward- 
ng line of investigation. For the bet- 
er examples of the social environment 
s it acts in whooping cough, recourse 
had to the broad international scheme 
nd to the results of wars. 

Before the recent world war, Iceland 
as a relatively isolated island coun- 


Professor J. Sigurjonsson, Reykjavik, Iceland 


in all communicable disease—and ex- 
tensive epidemics of the common con- 
tagions of childhood, including whoop- 
ing cough. After the war, Iceland 
became a busy crossroad in transatlan- 
tic traffic. with the result that the epi- 
demiological pattern of the common 
communicable diseases of childhood 
has changed from cyclic outbreaks 
with intermediate freedom in- 
fection, to an established endemicity 
and presumably no more great epi- 
demics. The difference in behavior of 
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diseases associated with inapparent in- 
fection and carriers and of those char- 
frank attack 
brought out. Diphtheria, scarlet fever 
and typhoid, introduced into Iceland, 
firmly established 


acterized by is nicely 


became and con- 


tinued as endemic diseases until tv- 
phoid succumbed to an improved sani- 
tation and diphtheria to immunization, 
scarlet fever continuing unchanged. 
Measles and whooping cough, and to 
a lesser extent mumps, came and went 


according to the chances that brought 


MF 
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the result that the main problem in 
military practice is the rural recruit 
The favorable circumstances of crowd 
ing and aggregation incident to mili- 


ig 
tarv life bring on the common infec 
tions which the recruit has escaped as 
a child 

The data of Table S relate to troops 
in continental United States and bring 
out 2 things. The first is the materially 
lesser rates for all diseases in the sec 


World Wat 


thorough salting of the population with 


ond suggesting a more 


infection to the island. When war _ infection prior to the later date. Th 
brought marked changes to the relation- experience of the rural recruit mor 
rABLE 8.—CASES AND RATES PER 1000 POPULATION, U.S. ARMY IN CONTINENTAI 
UNITED STATES, WORLD WAR I, APRIL 1, 1917 TO DECEMBER 81. 1919 AND WORLD 
WAR IL, JANUARY 1, 1942 TO JUNE 30, 1945 
Rote Pi ( Rate Pe 
Mumps 141.628 63.36 83.076 64 
Measles 85.398 20 68.363 52 
Rubella 16,167 7.23 96.892 9.1 
Scarlet Fever 9.088 to4 IG 0 
Diphtheria 5.884 2? 63 830 06 
Meningitis 2.878 1.29 10,502 8 
Chicken Pox 1,208 8.366 37 
Whooping Cough on Ol 
*Lacking 1942 
Source Med. Dept of the U. S. in the World War. Vol. NV, Washington, 
D. C.. 1925 
Division of Medical Statistics. Office of the Surgeon General United 
States Army. Washington. D.C... Preliminary Data 


ship of Iceland to the rest of the world 
all promptly, but 
measles, mumps and whooping cough 
most profoundly. 

The experience of the United States 
Army in the last 2 wars illustrates the 


diseases reacted 


influence of a changing social environ- 
ment the communicable 
diseases of childhood, and particularly, 
of the altered 


on common 


rural—urban_relation- 


ships as an index of the degree of im- 
plantation in the American population. 
Most recruits from urban areas may be 
expected to have had the common com- 
municable diseases of childhood, those 
from rural areas to a lesser extent, with 


nearly ipproximated that of the recrui 
from the city. 

The striking 
parent in both series of observation 


most difference, aj 
is the disproportionate frequency 
the 5 common communicable diseas« 
of childhood. Mumps, measles, and r 
bella all exceeded whooping cough | 
extreme margins and chickenpox aj 
preciably. Whooping cough was tl 
first of these diseases to establish 


preponderance of rural attack. T! 
few cases that occurred in milita 
practice suggest that most recrui 


both rural and urban, had had whoc 
ing cough prior to military service, a: 
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to a greater extent than for any other 
of these diseases. On this basis, whoop- 
the most widely 
diffused of specific childhood infec- 
tions. Support is also provided for the 


Ing cough would be 


Olid immunizing effect of a primary 
ittack 

SPREAD OF THE INFECTIOUS AGENT. 
In continuing now the analysis of 


vhooping cough as a biologic mani- 


festation of disease human popula- 
attention is turned from the part 
plaved by individual elements of the 


triad in origin of the 


tions 
ecologic process, 
that 
vhooping cough takes as a unit phe- 


to an examination of the course 


nomenon affecting populations of peo- 
ple. The 


rrouped 


several considerations are 
pe- 


and the endemic 


under communicability, 
iod of infectiousness 
epidemic patterns. 
ComMunicaBiLiry. Whooping cough 
direct 
infectious material 
trom patient to susceptible 


spread almost entirely by 


lroplet transter of 
contact. 
Indirect spread by contaminated ob- 
relatively rare. No evi- 
lence exists on the importance of air- 


ects must be 
orne transmission, but presum: ably it 
of less importance than in measles. 
The patient as a source of infection 
predominantly the person who even- 
tally has a paroxysmal cough. An ap- 
patients, 
have atypical or abortive 
are early 
Subclinical and inap- 
with the 
as healthy carriers, are 
factor; but 
stematic study of contacts, especially 
dult with upper re- 
yiratory is vet to be done by 


reciable number of esti- 


vated at 254% 
ertussis‘- 


and few 


100 


some 
onvalescents 
arent intections, 
frected 


elieved an 


persons 
acting 
unimportant 


contacts acute 


infection, 
odern methods. 

rhe regularity of exposure to known 
ises as the source of whooping cough 
fection is seen in the demonstrated 
of tracing sources of infec- 
in the high; 


hciency 


88% of 2.310 cases**® 
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91%, secondary attack rates in fami- 
lies®; and in the nine-times greater fre- 
quency of whooping cough among sus- 
ce ptible children with known exposure 
compared with those not known to 
have had contact, the source in the 
latter group presumably including 
casual and unrecognized contact with 
patients and exposure to missed cases 
and to such carriers as may exist*. 
The high order of communicability 
has been repeatedly demonstrated by 


recorded secondary attack rates of 
susceptibles within families, with a 
range from in older experi- 
ence, to a common 90%7410b with 


laboratory aids and 
and to a full 100% 
intensively studied groups*’. 


modern 
methods, 


survey 
in small 
The rates 
are comparable to those of measles and 
chicken pox, diseases commonly placed 
ahead of whooping cough in communi- 
cability. Attack is furthermore prompt, 
for more than a half of secondary in- 
fections are within the first week of 
exposurel®. As Hirsch® has expressed 
it, pertussis is “exquisitely communi- 
cable”. 

Exposure outside the home leads to 
lower attack rates, by 30% to SO% de- 
pending upon the kind of exposure, 
and emphasizes the greater effective- 
ness of intimate and repeated expo- 
produces a lesser attack rate of 
susceptibles, from 25% to 50%'*°, and 
reasonably so because of the dilution 
and spacing of susceptibles by those 
who have already had w hooping cough 
(at that age somewhat more than half). 
The common circumstance is for the 
school epidemics to end promptly, with 


sure, 


the outbreak continuing in the sur- 
rounding district as it progresses 
throughout the preschool popula- 


tion’, 

Period of Infectiousness. The height 
of infectivity is in the first week of the 
disease, during the catarrhal stage** 
a period in which Donald** in a large 
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series isolated H. pertussis from all 
patients, and subsequently in the sec- 
ond week 95%, third week 94%, fourth 
week 44% and fifth week 2%. The infec- 
tious agent has been demonstrated at 
least 2 days before the cough*®, and in 
a number of instances on the first day 
Intectivity 
paroxysmal stage subsides7® so that the 
pathogenic agent becomes difficult to 
demonstrate after the third week®®5, 


of cough?!?*: wanes as the 


CASES 
PER 100,000 


350 - 


50 + 
50 + 
9 
1920 1925 1930 


Fic. 4 


so after 4 weeks, al- 
though infectivity is known to have 
lasted for 8 weeks®*. 

THe Epmwemic Wave. The fluctua- 
tions of whooping cough in popula- 
tions are dependent upon the frequen- 
cy with which infection is imported. 
The high order of infectiousness tends 
to exhaust susceptibles. Return of the 
disease depends on development of a 


and decidedly 


new crop of susceptibles and reintro- 
duction of infection. Where importa- 
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tion is frequent, where contagion is 
unbroken, as in metropolitan popula- 
tions, periodic swings in incidence oc- 
cur at intervals of 2 or 3 years. The 
lack of seasonal incidence suggests the 
promptness with which susceptibles of 
a population are attacked, provided 
chance produces the organism. The ab 
sence of pronounced epidemic years 
at appreciable intervals, so characte1 


istic of mumps and rubella, is also 
1940 1945 1950 
1919 to 1948 


evidence of this behavior. New Jerse. 
experience is presented for the years 
1919 to 1948 (Fig. 4), with the lesser 
incidence of the past 5 years as promi 
nent a feature as in other areas illus 
trated. 

When importation of the agent is in 
frequent, whooping cough burns ou 
susceptibles and the disease disappear 
until the reintroduction, a ci! 
cumstance well illustrated by whoo; 
the Faroe islands" 


next 


ing cough in 


300 } 
5O } 
200+ 


From the beginning of the 19th cen- 
turv Iceland had much the same his- 
tory (Table 7), with whooping cough 
irregularly introduced to produce 
great epidemics and then to disappear: 
epidemics that were not explosive, but 
spread by extension progressively and 
rapidly ‘until susceptibles were ex- 
hausted. 

SPECIFIC PREVENTION. The develop- 
ment of specific prevention of pertussis 
through active immunization by vac- 
cines was mainly through studies by 
pediatricians, with a primary concern 
of these measures as a method of pre- 
ventive medicine, directed towards 
protection of the individual rather than 
as a public health procedure. Inevita- 
bly epidemiologists were drawn to the 
field, first because the methods of epi- 
demiology were needed to evaluate 
the procedure, and secondly because 
eventual demonstration of its worth 
justified the broader application as an 
activity of public health. 

Active IMMUNIZATION. This most 
active field in the epidemiology of 
whooping cough has had _ attention 
earlier in this series of reviews!®? and 
on numerous other occasions®#:27b.37,48, 

For that reason, attention here will 
be limited to more recent contributions 
and to current opinion on issues yet 
open. 

The well-nigh universality of the 
disease and the long-continued im- 
munity after attack suggest immediate- 
ly the practicability of artificial im- 
munization against pe rtussis. The ef- 
fectiveness of that measure is believed 
so proved, and is attested by com- 
petent authority. After a listing of 17 
vears in “New and Non-official Reme- 
dies”, cough vaccine was 
dropped in 1931 because of lack of 

evidence that it had any merit. It was 
eaccepted and endorse d by the Coun- 
“il on Pharmacy and C hemistry of the 
\merican Medical Association in 1944. 
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The questions at issue about pertussis 
vaccine, some of them not yet an- 
swered, include the best product to 
give, the preferred method of adminis- 
tration, dosage required, duration of 
protection and the rate at which resist- 
ance declines, and the most satisfactory 
means by which to judge the results 
of immunization. 

Antigens for Immunization. After 
much experience with preparations 
containing whole organisms'***, me- 
chanically disrupted cells™ and tox- 
oids!*® and with plain and alum-pre- 
cipitated preparations, practice has 
centered in recent years on alum-pre- 
cipitated triple that 
combine diphtheria and tetanus mater- 
ials with those of pertussis. The re- 
quired dosage of killed whooping 
cough bacilli is 30 billions, given in 
2 or 3 injections 1 month apart. The 
longer interval, in place of the weekly 
injections so long practiced, seems fully 
justified'1"°.'5°, as productive of better 
and more enduring protection. The 
combination of antigens gives as high- 
grade protection, judged by laboratory 
methods, as the individual elements 
administered Ram- 
bar'?° has reported on a vaccine com- 
bining pertussis and parapertussis or- 
ganisms. 

Evaluation of Results. Three methods 
have been used to evaluate immuniz- 
ing antigens: by testing the serum of 
immunized children for antibodies**>: 
106b,115; by field trial of the protection 
afforded a test group compared with 
an unimmunized control group; and by 
biologic assay** through mouse pro- 
tection test. The difficulty in judging 
immunizing effect by the antibodies 
produced lies in the indefinite position 
antibodies have in the total protective 
result, and also in determining the 
levels deemed protective. Proof is cer- 
tainly not at hand that the absence of 
antibodies against pertussis is indica- 


PROGRESS 
tive of susceptibility. Biologic assay ol 
pertussis antigens by mouse protection 
test has been required by the Public 
Health Service since 1948. Skin tests* 

are currently receiving attention. 
Field trial remains the most effective 
criterion of the value of a vaccine, evi- 
sometimes by 
and better, by 
controlled carefully 
smaller 


dence being sought 


weight of 
thoroughly 
observed samples®>.7?.12 
American opiion favors the usefulness 
of preparations now 


still 
[Immunity 


having 
atter 
tends to be 


British workers reserva- 
tions®* attack is 
not absolute offset 


under intense and repeated exposure*. 


and 


Immunization can be expected to do 


no more than an attack of the diseass 


and hence gives no absolute immunity 
Both natural and acquired resistance 
protect in reasonable degree, and par- 
tial protection may be expected to give 
a milder and a briefer clinical course. 

Age at Immunization. The early age 
of attack and the excessive death rates 
in the 


indications for early immunization. The 


first 6 months of life are clear 


minimal protection arising trom mater- 
nally acquired passive immunity theo- 
retically favors early active immuniza- 
tion. Sako et al.‘** immunized infants 
weeks to 3 The re 
sponse as judged by antibodies formed 
was not equal to that at later ages but 
Yave 


iged months. 


most needed, 
reinforced by a recall 
dose after 6 months. Immunization of 
newborn infants in the first month of 
life? from 1 to 8 weeks old?*?, 
it 1 month®!""> have confirmed these 
results and brought the impression that 


protec tion when 


nd could be 
and 


reactions are less severe and less fre- 


quent 
which to start immunization depends 
upon epidemiological criteria. When 
whooping cough is prevalent or for 
other reasons the risk is great, consider- 
ation may be given to immunization of 


at these ages. Thus the age at 
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the mother before birth of the child o1 
of the infant promptly after birth, in 
the first month. Conditions may dictate 
a middle position, at age 3 months, 
with age 6 months a desirable time 
under usual circumstances 

Duration of Induced Protection. Im 
atter 


apparently not of long duration, al 


munity active immunization 1s 
though adequate data by which to 
On_ the 
of agglutinins in concentration of 1: 
320, Miller et al..°S judged a satisfac 
tory level of protection to be present 
in 70% of the 
end of | in only 33% at 4 
vears. A working limit of 18 months 


judge are not at hand basis 


immunized children at 
vear, and 


for older children and 6 months to a 
vear for infants is commonly pra ticed 
in determining the need for a booster 
dose, either by injection of vaccine o1 
A third 
injection is commonly advised after an- 
other to 
school. \ 
promptly 


by agglutinogen skin test" 
vears, Or on entering 


booster dose is indicated 


atter 
tempts to prolong protection bevond 


known exposure, \t 

early school age are believed to be ill 

advised: the danger has passed 
Serious Reactions to Immunization 


Miller!®® 


60 instances 


has brought together some 
1933. of 
encephalopathy after pertussis immun 


since death on 
ization. Byers and Moll'® in a hospital 
experience had 15 cases of encephal 
opathy after pertussis immunization®, 
and twice that number after the disease 
itself. 


CHEMOPROPHYLAXIS. The demonstra- 


tion that streptomycin"’ 


brought rapid 
disappearance of pertussis bacilli from 
the respiratory tract when administered 
intranasally to infected infants as nasal 
drops or as an aerosol”>:'! suggests th 
possible development of a chemopro 
phylaxis of whooping cough, useful 
with non-immune susceptibles as il 


116 


meningococcus meningitis!!*, or in lim 


iting the period of communicability o! 


patients, as in scarlet fever'®. Sulfadia- 
zine has also been suggested, but with 
no field trial of either method. 

Passive Prorecrion. With the pres- 
ently available antigens for active im- 
the 
feasibility of emploving them early, 


munization and demonstrated 


serums for passive protection against 
whooping cough have now a more 
limited place, aside from therapeutic 
The principal indications are 
where epidemiological considerations 
make prompt protection of newborn 
the tem- 
porary protection of older infants not 
immunized and subjected to the in- 


infants’’ advisable. and for 


tense exposure incident to whooping 
cough in the tamily'™’. Primary active 
immunization after effective exposure 
is of no proved value. 

Field trial! 
vith additional confirmation bv labora 
tests!! T0% 
exposed chil- 
compared with controls. Chil- 


of convalescent serums. 


tors have demonstrated 


protection im recently 
dren 
dren passively protected with immune 
rabbit 


cough one-eighth as frequently as did 


serum! contracted whooping 


children not protected. 


\ more adequate source of serum**> 
became available through experiments 


by which healthy adults with a history 


whooping cough were hvyperim- 
with heavy doses of per- 
tussis vaccine. The serum protected 
687.9% of 308 children®! where the ex- 


15%, 


78.33 escaped in- 


pectancy of escape is about and 

in another series™ 

tection. 
\DMINISTRATION Complete 


idministrative control of whooping 
cough in a community is not possible, 


but-an intelligent program productive 


of worthwhile and effective results can 
be developed. The inherent difficulties 
in control of whooping cough arise be- 
cause infection is most communicable 
when it is least evident, and by reason 
of the long duration of the clinical dis- 
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ease and of infectiousness. Increasing 
use of active immunization brings a 
greater proportion of mild and missed 
A single principle guides the 
program, mainly to center attention on 


the age group under 2 vears. The pro- 


Cases. 


gram to follow has 4 principal parts. 
The first consideration is to develop 
measures by which to assure vaccina- 
tion of all susceptible children of pre- 
school age. It is best accomplished 
through promoting the interest of prac- 
ticing physicians. The need of clinics 
to provide service suggests faulty re- 
lations between physician and health 
department. Young infants living under 
conditions in which risk of exposure is 
great? and those living in institutions 
and in households with older suscep- 
tible children 
munization 


should have active im- 
the the, 


are 1 month old. particularly when 


started bv time 
whooping cough is prevalent in the 
Other children 
immunization started by 
time they are 6 months of age. 


should 
the 


community. 
have 


Provision is to be made for medical 
and nursing care for patients not at- 
tended by a physician, especially those 
aged less than 5 years. 

\ search for unrecognized and un- 
reported cases is of value in the protec- 
tion of young children from exposure 
and in the assurance of adequate medi- 
cal care for those exposed, particularly 
infants. Whooping cough in patients 
aged less than 5 vears should have 
precedence by public health nurses 
over other common communicable dis- 
eases of childhood and over all routine 
visits. 

The fourth part of the plan is to in- 
troduce educational measures to in- 
form the public, and particularly the 
parents of infants, of the danger of 
whooping cough and of the advantages 
of immunization in infancy. The idea 
that whooping cough is not much of a 
disease has little justification. 
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Isolation in whooping cough is in- 
effective. Modified isolation or separa- 
tion of the 
children 


patient from susceptible 
and exclusion from school for 
> weeks after the first paroxysm is for 
the protection of susceptible children 
and also for the good of the patient, 
that he may not be exposed to other 
respiratory Strict isolation 
is impracticable and is not to be in- 
the fresh 
air in the open. The _ bacteriological 


intections. 


sisted upon at expense of 
control of isolation through requir- 
ing two or more consecutive negative 
cultures is too cumbersome for prac- 
tical operations. 

Quarantine is limited to non-immune 
children, not had 
whooping cough. Exclusion of contacts 
from school and public gatherings is 
ordinarily required for 14 days. An 
equally satisfactory procedure is care- 
ful observation by the school physician 
or nurse on arrival at school each day 
for 14 days after last exposure to a 
recognized case. Special effort is to be 
directed to the protection and observa- 


those who have 


tion of infant contacts under 2 years 
and especially young infants. Passive 
immunization of younger non-immun- 
ized infants is practiced to advantage 
through administration of 20 cc. to 40 
cc. of hyperimmune serum, or 5 cc. to 
cc. of immune rabbit serum. 

Almost no progress has been made 
in control of the atmospheric environ- 
ment where children congregate. The 
expense associated with ultraviolet ir- 
radiation of the air of school rooms is 
scarcely commensurate with the results 
obtained. Experiments are under way 
with triethylene glycol*® in control of 
air in atmospheres contaminated with 
whooping cough bacilli. 

\ plea for improved reporting is 
rather hopeless in the face of the 18% 
efficiency that marks better public 


health practice. The value to be had 
trom improved reporting is better op- 
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portunity for case finding; and cases 
can be tound. 884% 
Luttinger*’. The protection of the pre- 


in the experience of 


school child requires that the places 


be known where whooping cough 
exists. The disease is not a primary 
problem of school age nor of the school. 
physician, because more than half of 
the children have had whooping cough 
by the time they enter school. 

Summary. This analysis of the epi- 
demiology of whooping cough has 
brought together a noteworthy collec- 
tion of anomalies in mass behavior. 
The initial attraction to the study was 
in the old observation that more girls 
than boys have whooping cough and 
that more die, this being the reverse 
of other 


eases ol 


common communicable dis 
childhood. The absent 
or the extra toe in anomalies of devel 


hand 


opment is often only the more evident 
defect after an embrvologic accident 
\ variety of other malformations are 
commonly found in the same person 
some of little significance, and some of 
greater importance than the apparent 
disfigurement. That has been true 
here. 

Whooping cough has a peculiar his 
tory in that it gives every evidence of 
established 


came to the attention of physicians 


an old disease, and yet 
centuries after the other diseases of the 


group had been des« ribed. It lacks the 


long and_ honorable pedigree of 
mumps. 
Pertussis presents the — clinical 


anomaly of a disease which is un 
recognizable when it is an active acute 
infection and becomes a real disease 
only when that stage is past, wher 
temperature is normal and the patient 
is not so much sick as afflicted. 
Pathological neithe: 
deep-seated nor general (the primar 
infection attacks mucou 
membranes), and yet deaths are fri 


changes are 
superficial 


quent and resistance to second atta 
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is long continued. The newborn infant 
has little or none of the maternally 
transferred passive protection so char- 
acteristic of the other specific infec- 
tions of childhood. Deaths from 
vhooping cough in the first vear of 
lite are inordinately frequent, repre- 
senting some 70% of all deaths from 
this disease, and more than for all 
other common communicable diseases 
of childhood combined. 

\s a mass disease of populations, the 
triking epidemiologic — characteristic 
is the reversed sex ratio, but there are 
others. The pronounced seasonal swing 
ind the summer decline so character- 
istic of respiratory diseases are not a 
feature of whooping cough. The 
higher death rate is in the south rather 
than the north, again the reverse of 
uch other respiratory infections as 
carlet fever, diphtheria and measles. 
Whooping cough was the first disease 
4 childhood to demonstrate a prepon- 
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derance of rural incidence over urban. 
Pertussis gives evidence of being the 
most widely diffused of all communi- 
cable diseases of childhood, as evi- 
denced by the experience of recruits 
in military service. And the list of 
peculiarities is not ended. 

Whooping cough is an important 
disease despite its classification with 
the minor infections and the light re- 
gard in which it is held. The disease 
warrants the attention demanded by 
the number of deaths it causes. 

Emphasis has been made in another 
place of the value of the unusual cir- 
cumstance, as distinguished from the 
ordinary and routine, in solving epi- 
demiologic riddles. Whooping cough 
has more than its share of unusual cir- 
cumstances, of anomalies in behavior. 
and hence has a special appeal to epi- 
demiologists in the search for a clearer 
definition of principles that govern 


mass disease 
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Vol. Il, Therapeutics: pp. 716, 311 ills 
Philadelphia Blakiston Co., 1951. Price 
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[HESE 2 volumes contain 102 papers which 
were presented at the second clinical ACTH 
onference held in Chicago on December 8 
9, 1950. Volume I articles 
dealing with research on the more fundamen 
tal aspects ot ACTH 
sections are 


and consists of 


and adrenal cortical 


function devoted to general 
adrenal cortical physiology and adrenal cor 
tical steroid secretion and excretion; the kid 
electrolytes metabolism; 
carbohydrate and _ fat 
metabolism; the 


ney and nitrogen 


metabolism; Vitamin 
adrenal gland and the hemo- 
and the ACTH and 


cortisone on the acute inflammatory response. 


system action of 

rhe second volume relates primarily to the 
ettects ot A( CH treat- 
syndromes. Among the condi 


and cortisone in the 
ment ot dise 
tions discussed are rheumatoid arthritis, gout, 


rheumatic fever, acute disseminated lupus 


erythematosus, periarteritis nodosa, bronchial 
isthma, Spontaneous hypoglycemia, ulcerative 
colitis, burns, certain blood dvysecrasias, and 
several varieties of neoplasm. Some of the 
extend 


studies, while others introduce new possibili- 


reports either confirm or previous 
ties for ACTH and cortisone in Chagas’ dis- 
ease, black-widow spider bite, 
snake bite. In addition, there are re- 
ported experiences with the use of intra- 
venous as well as long-acting preparations of 
ACTH. 

A very \ iluable 
the highly which 
followed the presentation of each paper. This 
report, like its should prove 
helpful both to the clinician and the research 
worker. A 
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head 
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discussions 


predece ‘SSOr, 
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of Surg., Washington Univ. Sch. of Med.: 
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on ANESTHESIA by Stuart C. Cutten, M.D., 
Prof. of Surg. and Chairman, Div. of 
Anesthesiol., State Univ. of Iowa Coll. of 


GENERAL SURGERY. 
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high standards 
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of reporting and review for which the 
Book ot General 
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Surgery has 
The section dealing with 
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past decade is interesting 
the 


lude d 


review of surgical progress in the 


This reviewel doe 


not agree entirely contributions 
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most important. Moreover, the failure to 

mention the alarm response seems likely to 

prove a definite omission in the years to come 
This book offers as its greatest value 


considered, selective review of the surgical 


and pertinent medical literature for the past 
year 

Brain METABOLISM AND CEREBRAL Dts 
ORDERS. By M.D 
Chief Clin. Res. Branch, Med. Div Arm\ 


Chemical Center, Md Pp 151: 52 ills. Balti 


more Williams & Wilkins, 1951 Price 
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To the Reviewer this book was a pl isant 
It is well written and 
that 
wishes t 
avoid the involved technical part, he can d 
so without losing the trend of thought. Th 
bibliography of 1042 
available 
book of value if for no other reason 
opinion, it should be in 
physician’s library, and it is a must for the 
neurologist, psychiatrist, 
neuroanatomist, and neurosurgeon 


experience and surprise 
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VITAMINS AND Hormones. Vol. 8 
Rospert S. Harais, Prof. of 
Nutrition, Mass. Inst. of 


KENNETH V. THIMANN, Prof. of Physiol 
Harvard Univ. Pp. 342; 23 ills. New York 
Academic Press, Inc., 1950. Price, $6.80 


THE editors have again assembled out 
standing investigators from this country a1 
abroad to prepare chapters of current interes 
Condensed and yet thoroughly reviewed, sul 


jects include Vitamin B,. (Zucker an 
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Zucker Pyridoxine and Fat Metabolism 
Sherman Antistiffness Factor (von Wag- 
tendonk ind = =Wulzen), Metabolism in 


Neurospora (Mitchell), Physiology of Relaxin 


Hisaw and Zarrow), Estrogens and Prog- 
strone Courrier), Posterior Pituitary Hor- 
iones (Stehle), and Steroid Configuration 
Shoppee The concise and __ interesting 


presentation of each subject should have 


wide appeal H.S. 


NEW EDITIONS 


\ Text-Book of X-Ray Diagnosis. Vol: 1. By 
British Auruors. Edited by S. CocHRANE 
SHANKS, M.D., F.R.C.P., F.F.R., Director, 
X-Ray Diag. Dept., Univ. Coll. Hosp., Lon- 
don, and Perer Keruey, M.D., F.R.C.P.. 
D.M.R.E., Director, X-Ray Dept 
Westminster Hosp Radiol., Roval Chest 
Hosp London. 2nd ed. Pp. 134: 439 ills 
Phila \\ B. Saunders Co.. 1950. Price 
$12.00 


Date 2nd edition of this series of books on 
Koentger Diagnosis by British Authors has been 
1 in 4 volumes: Head and Neck, Abdomen, 


( t ind Bones and Joints 
' [ covers the Central Nervous System, 

th and Jaws, the Eye, the Accessory Sinuses, 
ind the Temporal Bone. Chapters on Ventricu- 

rapl ind Encephalography and Cerebral An 

rraplh ire included under the Central Nervous 
t 

\s in the Ist edition, the reproductions are 
negatives (with the exception of those of the teeth 
ind jaws 

The material Is covered in concise and compre 


hensive fashion. Reading is easy and the work 


laintains it reputation as an excellent reference 
The section n radiographic technique are well 
llustrated H. W 


lhe Diagnosis and Treatment of Adrenal 
Insufficiency. By Georce W. THorn, M.D.. 
Hersey Prof. of the Theory and Practice of 
Physic, Harvard Med. Sch. 2nd_ ed. Pp 
180; 35 ills. Springfield, Mlinois: Charles 
( Thomas 1951. Price, $5.50. 


Iris brief, authoritative text provides an excel- 
lent reference for the details of the diagnostic 
tudy and careful management of patients with any 
if the forms of adrenal cortical hypofunction. The 
principal change in the present edition is the sub 
titution of a chapter dealing with the use of 
vnthetic cortisone acetate for a comparable 
hapter on compound A in the Ist edition. A 
few additions are made in the sections on basic 
idrenal physiology and biochemistry, while the 
linical portion of the hook is unaltered. 


Cc. 


mmunology. By Nosie Prerce SHERWOOD, 
Prof. of Bacteriol., 
Pathol. to Lawrence 


Ph.D., M.D., F.A.C.P.., 
Univ. of Kansas, 
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Memorial Hosp. 3rd ed. Pp. 731; 15. ills., 
7 color plates. St. Louis: C. V. Mosby Co., 
L951. Price, $8.00. 


Ins is the first revision in 10 years of a well- 
known text by a leading immunologist. It is 
intended for the use of the medical student and 
the undergraduate bacteriology major. Since the 
material is presented in clear language from the 
point of view of the student, it is a pleasure to 
read 

The author might well have used the tith 

Applied Immunology” because the emphasis Is 
not upon fundamental mechanisms or theoretical 
considerations but upon the application of immuno- 
logic phenomena to medical practice. The various 
subjects are discussed in relation to therapy and 
prophylaxis rather than as separate entities. An 
example is the section on “Wound Infections’’. 
Indeed, the author has not confined himself to 
immunology except within a broad interpretation 
lhe emphasis upon practical immunology is strik 
ing, one entire chapter being devoted to the impor- 
tance of antibodies in diagnosis. The reviewer does 
not intend these remarks as expression of 
disappointment. On the contrary, he finds the 
approach used here refreshing and a distinct relief 
from the formal treatment which characterizes the 
usual texthook of immunology, 

One unfavorable criticism which must be mack 
is the author’s practice of developing his subjects 
Although 
the choice of quoted work is in the main excellent 
the net effect is interruption of the train of thought 
Had the material been digested and presented as 


by a succession of literature citations 


a critical review, the result would have been a 
smoother presentation. The subject of the origin 
of antibody is one which suffers from this type 
of approach. In addition, the arrangement is some 
times haphazard, as, for example, the inclusion of 
the interference phenomenon in an_ irrelevant 
chapter. 

The best feature of this text is the list of 
references at the end of each chapter. These are 
particularly well chosen and up-to-date. The index 
has been carefully prepared, although cortisone is 
omitted, despite its inclusion within the text. The 
illustrations, largely drawings, are pertinent and 
well done. This text should be valuable to the 
medical student to whom sufficient time is avail 
able for a separate course in immunology. To the 
practicing physician, it can be recommended as a 
good reference book in immunology, not becaus« 
it is comprehensive or authoritative, but because 
most topics which come to one’s mind are dealt 
with briefly and accompanied by well chosen refer- 
ences E. S. 


Disease. By SAMUEI 
Levine, Harvard Med. Sch., 4th ed. Pp. 
556: 192 ills. Phila.: W. B. Saunders Co.., 
1951. Price, $7.75. 


Tue chief virtues of this book have been its 
clarity and its practicality. These virtues are 
retained in this 4th edition. Moreover, the section 
on electrocardiography has been completely revised 
with the aid of Dr. Harold D. Levine. Electro- 
cardiography is treated not as an end unto itself, 
but as another tool in the clinical appraisal of 
the patient. W.S. 
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